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REMARKS 

Claims 1-35 remain pending in the application, all of which stand rejected. 
The amendment to the specification finds support in original claim 3. No new matter 
is added. 

Applicants note that the Zimmerman et al. reference (U.S. Patent no. 
4,845,583) is not listed on any PTO-892 or PTO/SB/08A, and is therefore not officially 
of record in the present application. Applicants request the Examiner to provide a 
PTO-892 listing Zimmerman et al. with the next Office Action. 

Rejection under 35 U.S.C. S112 
Claim 3 is rejected under 35 U.S.C. §1 12, first paragraph for a lack of support 
in the specification. The amendment to the specification should moot this ground of 
rejection. 

Rejection under 35 U.S.C. §1 03(a) over Carroll et al- 
in view of Drelich 

Claims 1, 2. 4-6, 14-19, 28-31, 34 and 35 are rejected under 35 U.S.C. 
§1 03(a) as obvious over Carroll et al. (WO 97/45259) in view of Drelich (U.S. Patent 
no. 2,880,1 13). Applicants traverse this basis for rejection and respectfully request 
reconsideration and withdrawal thereof. 

Nature Of The Present Invention 

In a first embodiment, the present invention is directed to a moisture vapor 
permeable, substantially liquid impermeable composite sheet material comprising a 
moisture vapor permeable monolithic polymeric film comprising a polymer selected 
from the group consisting of a block polyether ester copolymer, a poly(etherimide) 
ester copolymer, or a combination thereof, having a first side and a second side, and 
a first nonwoven layer comprising a moisture vapor permeable powder-bonded 
nonwoven layer, said powder-bonded layer comprising a nonwoven web of fibers, 
wherein greater than 95 weight percent of the fibers in the nonwoven web are 
compatible with said polymeric film, said first nonwoven layer being adhered to the 
first side of the polymeric film by extrusion of said film onto said first nonwoven layer. 
(Claim 1, emphasis added). 
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The Prior Art 

Carroll at al. disclose a breathable composite sheet material comprised of a 
thermoplastic film adhered directly to a fibrous substrate, wherein the film comprises 
at least 50% by weight of a polymer material from the group of block copolyether 
esters, block copolyether amides and polyurethanes. The substrate comprises a 
fibrous web of at least 50% by weight of polyolefin polymer synthetic fibers. 
(Abstract). 

As recognized by the Examiner, Carroll et al. fail to disclose that the substrate 
should be a powder bonded nonwoven layer. (Office Action, page 4). 

Drelich discloses a durable nonwoven fabric which comprises a multiplicity of 
relatively small granule bonds of heat fused material distributed approximately 
uniformly in a layer of overlapping and intersecting fibers (col. 2, lines 3-8). The 
"granule bonds" of Drelich are formed by distributing granules of a suitable binder in 
the fibrous layer and subsequently applying heat and pressure to the fibrous layer to 
fuse the binder material to the fibers (col. 5, lines 5-22). 

Drelich discloses fabrics formed of natural fibers such as cotton and wood or 
artificial fibers, such as regenerated cellulose, nylon and viscose rayon (col. 7, lines 
1-10). Drelich exemplifies only fabrics made of viscose rayon. 

The Proposed Combination of References 

The Examiner has suggested that it would have been obvious to modify the 
Carroll et al. laminate to use the powder bonded nonwoven fabric of Drelich (Office 
Action, page 5). Applicants traverse the Examiner's proposed combination as failing 
to establish a prima facie case of obviousness as to the present claims. 

It is important to note that according to claim 1, "...greater than 95 weight 
percent of the fibers in the nonwoven web are compatible with said polymeric film...", 
and that the polymeric film is limited to those "...comprising a polymer selected from 
the group consisting of a block polyether ester copolymer, a poly(etherimide) ester 
copolymer, or a combination thereof...". 

Applicants respectfully submit that the powder bonded fabrics disclosed or 
suggested by Drelich would not be compatible with the films designated by claim 1 , 
and therefore, even if combined according to the manner suggested by the Examiner, 
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the hypothetical laminate would not meet the limitations of the present claims. More 
importantly, those of skill in the art would not have an expectation of success in 
substituting the incompatible fabrics of Drelich for those of Carroll et al. 

To establish a prima facie case of obviousness, three basic criteria 
must be met. First, there must be some suggestion or motivation, 
either in the references themselves or in the knowledge generally 
available to one of ordinary skill in the art, to modify the reference or to 
combine reference teachings. Second, there must be a reasonable 
expectation of success. Finally, the prior art reference (or references 
when combined) must teach or suggest all the claim limitations. The 
teaching or suggestion to make the claimed combination and the 
reasonable expectation of success must both be found in the prior art, 
and not based on the applicant's disclosure. MPEP § 2142, citing In re 
Vaeck, 947 F.2d 488, 20 USPQ2d 1438 (Fed. Cir. 1991). 

Thus, the Examiner's proposed combination fails to establish a prima facie case of 
obviousness, in view of the second and third prongs of the test set forth in In re 
Vaeck. 

In support of their position that the Drelich fabrics would be incompatible with 
the claimed films of the present invention. Applicants direct attention to the definition 
of "compatibility" and "compatible" as set forth at page 4, line 30, bridging to page 5 
of the specification. In order for polymers to be considered compatible, they must be 
miscible. The presently claimed films contain ester linkages in their polymer 
backbones, which would not be expected to be miscible/compatible with the cellulosic 
or polyamide fibers disclosed by Drelich, merely based upon the well-known chemical 
rubric of "like dissolves like" (Rosen, Fundamental Principles of Polymeric Materials , 
second edition (1993), pp. 83-84; attached hereto). 

On a more rigorous basis, polymer compatibility/miscibility can be predicted 
through the comparison of the solubility parameters of the various polymers. 
Generally, solubility of polymers in various media is determined, in theory, on the 
Gibbs free energy equation, which indicates that solubility occurs when the free 
energy of mixing is negative: 

AG = AH " TAS, 

discussed in detail at pp. 152-157 of Billmeyer, Jr., Textbook of Polymer Science , 
third edition (1984); copy attached. Generally, Billmeyer indicates that the difference 
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in solubility paranneters of a solvent and a polymer should be small, e.g. less than 4 

Compatibilities of polymer/polymer systems raise additional factors to be 
considered, such as molecular weights, dispersive interactions and dipole-dipole 
interactions; but solubility parameters can be used to predict blend compatibility and 
phase separation (Billmeyer, Jr., pp. 175-176). Overall, the smaller the differences in 
solubility parameters the more compatible the polymers. The Polymer Handbook , 
third edition (1989) (copy attached) indicates a solubility parameter for cellulose 
(rayon, cotton, etc) of 32.02 (MPa)^^^ (page 555), and for nylons an average of about 
23.8 (MPa)^^^ (page 556); the two fabric materials specifically disclosed in Drelich. 
While the commercial literature does not appear to report solubility parameters for the 
polymers of the presently claimed film layers. Applicants have calculated an average 
value for its Hytrel® polymers: about 18.2 (MPa)^^^. Accordingly, the difference in 
solubility parameters between Drelich's cellulose and Hytrel® is about 13.8 (MPa)^'^, 
and between nylon and Hytrel® about 5.6 (MPa)^^^. In contrast, the solubility 
parameter difference between Hytrel® and a disclosed compatible polymer fiber, 
polyethylene terephthalate (specification, page 7, lines 26-27) is about 3.33 (MPa)^'^, 
based upon the solubility parameter for polyethylene terephthalate of 21 .54 (MPa)^'^ 
( Polymer Handbook , page 556). 

Accordingly, Applicants submit that the fabrics suggested by Drelich are not 
"compatible" with the polymeric films of claim 1 of the present application. 
Withdrawal of the rejection is requested for failure to establish a prima facie case of 
obviousness. 

Rejection under 35 U.S.C. SI 03(a) over Carroll et al. 
in view of Drelich 

Claims 12 and 13 are rejected under 35 U.S.C. §1 03(a) as obvious over 
Carroll et al. in view of Drelich. Applicants traverse this basis for rejection and 
respectfully request reconsideration and withdrawal thereof. 

Applicants reiterate their comments in traverse of the combination of Drelich 
and Carroll et al., as set forth above. The skilled artisan would not have had an 
expectation of success in combining the fabric of Drelich and the films of Carroll et al. 



Application No.: 09/942405 
Docket No.: TK3615 US NA 



Page 1 1 



Withdrawal of the rejection for failure to establish a prima facie case of obviousness 
is requested. 

Rejection under 35 U.S.C. S103fa) over Carroll at al. 
in view of Drelich and further In view of Zimmerman et al. 

Claims 7 and 8 are rejected under 35 U.S.C. §1 03(a) as obvious over Carroll 
et al. in view of Drelich, and further in view of Zimmerman et al (U.S. 4,845,583). 
Applicants traverse this basis for rejection and respectfully request reconsideration 
and withdrawal thereof. 

Applicants reiterate their comments in traverse of the combination of Drelich 
and Carroll et a!., as set forth above. The Examiner apparently cites Zimmerman et 
al. for the proposition that it would have been obvious to substitute a powder-bonded 
polyethylene terephthalate nonwoven fabric for those of Drelich. The Examiner 
states: 

Since Carroll et aL, Drelich and Zimmerman et al. are from tfie same 
field of endeavor, the purpose disclosed by Zimmerman et al. would 
have been recognized in the pertinent art of Carroll et al. and Drelich. 
(Office Action, page 6, emphasis added). 

Applicants respectfully submit that the Examiner's suggestion that Zimmerman 
et al. and the other references "are from the same field of endeavor" truly stretches 
the concept of analogous art beyond its breaking point. Carroll et al. disclose 
breathable composite sheets, such as diapers (Abstract), which require air and 
moisture vapor permeability. Likewise, Drelich discloses fabrics which would be 
suitable for use in making, among others, sanitary napkins (col. 1, line 71), which is at 
least somewhat related to the field of use disclosed by Carroll et al. In contrast, 
Zimmerman et al. disclose fabric jackets for floppy diskettes, which is certainly non- 
analogous to the uses disclosed by Carroll et al. and Drelich. Zimmerman et al. 
neither disclose nor suggest any reason that the diskette jackets be permeable to air 
and moisture, nor that they would benefit a human wearer in any manner what-so- 
ever. Further, neither Carroll et al. nor Drelich disclose a reason to use "cutouts", 
disclosed by Zimmerman et al., in the uses of their fabrics, which would motivate a 
skilled artisan to look to Zimmerman et al. for a way to improve fiber retention. 
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in fact, the only connection between tlie three cited references is that each 
discloses a nonwoven fabric. Applicants submit that this is hardly enough to find the 
references to be "analogous" within the meaning of the patent law. Withdrawal of the 
rejection for failure to establish a prima facie case of obviousness, in view of an 
improper combination of non-analogous references, is requested. 

Rejection under 35 U.S.C. S103fa) over Carroll et al. 
in view of Drelich 

Claims 20-27 and 32-33 are rejected under 35 U.S.C. §1 03(a) as obvious over 
Carroll et al. in view of Drelich. Applicants traverse this basis for rejection and 
respectfully request reconsideration and withdrawal thereof. 

Applicants reiterate their comments in traverse of the combination of Drelich 
and Carroll et al., as set forth above. The skilled artisan would not have had an 
expectation of success in combining the fabric of Drelich and the films of Carroll et al. 
Withdrawal of the rejection for failure to establish a prima facie case of obviousness 
is requested. 
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In view of tlie foregoing, allowance of the above-referenced application 
respectfully requested. 



TWS: 
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519-526; 544-559. 
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CHAPTER Vll 



Polymer Solubility and Solutions 



7.1 INTRODUCTION 
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Figure 7.1 Schematic phase diagram for polymer-solvent system: (a) dilute solution 
phase; (b) swollen polymer or "gel" phase. UCST, upper critical solution temperature; 
LCST, lower critical solution temperature. 



molecular weight of the polymer and the interaction between the polymer and 
solvent. 

In recent years, a number of systems have been examined that also exhibit 
a lower critical solution temperature (LCST), as shown in Fig. 7.1. (One might 
question the nomenclature that puts the LCST above the UCST, but that's the 
way it is), LCSTs are more difficult to observe experimentally because they often 
lie well above the normal boiling points of the solvents. 

When we talk about a polymer being soluble in particular solvent, we 
generally mean that the system lies between its LCST and UCST; that is, it 
forms homogeneous solutions over the entire composition range. Keep in mind, 
however, that homogeneous solutions can still be formed toward the extremes of 
the composition range below the UCST and above the LCST. 



7.3 GENERAL RULES FOR POLYMER SOLUBILITY 

"^Tl^ifTlrv listtn^iiomie-genera dissolutiqnof^ 
polymers: 



1. Like dissolves like; that is, polar solvents will tend to dissolve polar 
polymers and nonpolar solvents will tend to dissolve nonpolar polymers. 
Chemical similarity of polymer and solvent is a fair indication of solubihty; 
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7.4 THE THERMODYNAMIC BASIS OF POLYMER SOLUBILITY 



AG = AH- TAS 



(7.1) 



where AG = the change in Gibbs free energy 
AH = the change in enthalpy 

T = the absolute temperature 
AS = the change in entropy 

solvent and polymer molecules. But, if AH is positive then AH < Ta7^f h! 
polymer is to be soluble " 
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(7.2) 



Now, for a process that occurs at constant volume and constant pressure, the 
changes in internal energy and enthalpy are equal. Since the change in volume 
on solution is usually quite small, this is a good approximation for the dissolu- 
tion of polymers under most conditions, so (7.2) provides a means of estimating 
enthalpies of solution if the solubility parameters of the polymer and solvent are 
known. 

Note that regardless of the magnitudes of Si and 62 (they must be positive), 
the predicted AH is always positive, because (7.2) applies only in the absence of 
the specific interactions that lead to negative Ai/'s, Inspection of (7.2) also 
reveals that AH is minimized, and the tendency toward solubility is therefore 
maximized by matching the solubility parameters as closely as possible. As 
a very rough rule-of-thumb (or heuristic principle, if you prefer), 



- ^2! < 1 (cal/cm^)^/^ for solubility 



(7.4) 



Measuring the solubility parameter of a low molecular weight solvent is no 
problem. Polymers, on the other hand, degrade long before reaching their 
vaporization temperatures, making it impossible to evaluate AE,, directly. For- 
tunately, there is a way around this impasse. The greatest tendency of a polymer 
to dissolve occurs when its solubility parameter matches that of the solvent. If 
the polymer is crosslinked lightly, it cannot dissolve, but only swell. The 
maximum swelling will be observed when the polymer and solvent solubility 
parameters are matched. So polymer solubility parameters are determined by 
soaking lightly crosslinked samples in a series of solvents of known solubility 
parameters. The value of the solvent are which maximum swelling is observed is 
taken as the solubility parameter of the polymer (Fig. 7.3). 
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Figure 7.3 Determination of polymer solubility parameter by swelling lightly cross- 
linked samples in a series of solvents. 
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where 



<'mix = — — i-! = Z<*,<5, 



(7.5) 



yi = mole fraction of component i 
Vi = molar volume of component / 
<f>, = volume fraction of component / 
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or 

where 
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= + dl^ 61 (7.8) 
5^ = (A£;/t;)^/2 j = d,p,h 



Thus, the solubility parameter d may be thought of as a vector in a three- 
dimensional d, p, h space. Equation 7.8 gives the magnitude of the vector in 
terms of its components. A solvent, therefore, with given values of 5pi, and 
3 hi is represented as a point in space, with d being the vector from the origin to 
this point. 

A polymer is also characterized by dp2. ^d2, and ^1,2. Furthermore, it has been 
found on a purely empirical basis that if 5^ is plotted on a scale twice the size as 
that used for 5^ and Shy then all solvents that dissolve that polymer fall within 
a sphere of radius R surrounding the point (^^2* ^d2, and ^^2)- 

Solubility judgments for the determination of R are usually based on visual 
observation of 0.5 g polymer in 5 cm^ of solvent at room temperature. Given the 
concentration and temperature dependence of the phase boundaries in Fig. 7.1, 
this is somewhat arbitrary, but it seems to work out pretty well in practice, 
probably because the boundaries are fairly "flat" for polymers of reasonable 
molecular weight. 

The three-dimensional equivalent of (7.4) is obtained by calculating the 
magnitude of the vector from the center of the polymer sphere {6p2y S^z, and ^^2) 
to the point representing the solvent {dpi, S^u and 6^1). If this is less than R, the 
polymer is deemed soluble: 

[(<5pi - + i^hi - + 4(5^1 - ^difV^^ < R for soluhihty (7.9) 

(The factor of 4 arises from the empirical need to double the 5^ scale to achieve 
a spherical solubility region). 

Figure 7.4 shows the solubiUty sphere for polystyrene (d^ = 8.6, dp = 3.0, 
di, = 2.0, R = 3.5, all in hildebrands).* Note that parts of the polystyrene sphere 
lie outside the first octant. The physical significance of these areas is question- 
able, at best. 

The range of 5j's spanned by typical polymers and solvents is rather small. In 
practice, therefore, the three-dimensional scheme is often reduced to two dimen- 
sions, with polymers and solvents represented on 6^-6 p coordinates with a poly- 
mer solubility circle of radius R, 

Values of the individual components 5^, 5p and 5^ have been developed from 
measured & values, theoretical calculations, studies on model compounds, and 
plenty of computer fitting. Th"ey are extensively tabulated for solvents^'^^^TheyT' 
along with R, are less readily available for polymers, but have been pub- 
lished.*'^-^ Mixed solvents are handled by weighting the individual 8^ compon- 
ents according to (7.5). 

Despite its semiempirical nature, the three-dimensional solubility parameter 
has proved of great practical utility, particularly in the paint industry, where the 
choice of solvents to meet economic, ecological, and safety constraints is of 
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Figure X4 The Hansen solubility sphere for polystyrene {S, = 8.6, 5, = 3.0, ,5, = 2.0, 

critical importance. It is capable of explaining those cases in which solvent and 

Lncnlv. . vf "magnitudes, but different directions), or where wo 
nonsolvents can be mixed to form a solvent (the solvent components lie on 
opposite sides outside the sphere, the mixture within). Inorganic pigment rnav 

of'^lfe^ttr^^^^^ 

01 a solvent tend to form stable suspensions in that solvent. 

Example 2. A polymer has a solubihty parameter ,5 = 9.95 (S = 70 6 = s 0 



Will a solvent with^ = 101^, = 87^7=6, 5, = 0) dissS^Tkr 

Solution, No. The solvent point lies in the 5,-5, plane (ie = 0) The 

poTymerT ^ ' ""'"^ ^ ''^"'''''^^ ^^^"^"^ ^^^^^'ve the 
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7.7 THE FLORY-HLGGINS THEORY 



Theoretical treatment of polymer solutions was initiated independently and 
essentially simultaneously by Flory^° and Huggins^^ in 1942. The Flory- 
Huggins theory is based on the lattice model shown in Fig. 7.2. In the case of the 
low molecular weight solute, Fig. 7.2a, it is assumed that the solute and solvent 
molecules have roughly the same volumes; each occupies one lattice site. With 
the polymeric solute, Fig. 1.2b, a segment of the polymer molecule (which 
corresponds roughly but not necessarily exactly to a repeating unit) has the 
same volume as a solvent molecule and also occupies one lattice site. 

By statistically evaluating the number of arrangements possible on the lattice, 
Flory and Huggins obtained an expression for the (extensive) configurational 
entropy change (that due to geometry alone), AS*, in forming a solution from 
rti moles of solvent and M2 moles of solute: 



A5* - R(ni In <j)i + ^2 In <f)2) 



where the (p's are volume fractions, 



(7.10) 

(7.10fl) 
(7.10b) 



and the x's are the number of segments in the species. For the usual monomeric 
solvent, Xi = 1. For a poly disperse polymeric solute, strictly speaking, a term 
must be included in (7.10) for each individual species in the distribution, but xj is 
usually taken as x„, the number-average degree of polymerization, with little 
error. (Writing the volume fractions in terms of moles implies equal molar 
segmental volumes.) Note that while <j)iy (j>2, and n^ are the same in Figs. 7.2a 
and b, ^2 = 20 molecules for the monomeric solute, but only 1 molecule for the 
polymeric solute. 

Example 3, Estimate the configurational entropy changes that occur when 

a. 500 g of toluene (T) are mixed with 500 g of styrene monomer (S) 

b. 500 g of toluene are mixed with 500 g of polystyrene (PS), A?„ = 100000 

c. 500 g of PS, M„ = 100 000 are mixed with 500 g of polyphenylene oxide 
(PP0)isee-ehapter-4IHixampleaK),-JV?„.^O.^^^ 

examples where two high molecular weight polymers are soluble in one 
another.) 

Solution. Mj = 92, Ms = 104. Using these values and those given for the 
polymers, we get ni = 500 g/M; . In the absence of other information, we must 
assume that the number of segments equals the number of repeating units for 
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■he polymers Therefore, „ . ja.,/m,. where m, is Ihe molecular weishl of the 





«,(mol) 






a. Toluene 
Styrene 


5.44 
4.81 

AS* = 14.1 cal/K 


1 
1 


0.531 
0.469 


b. Toluene 
PS 


5.44 
0.005 
AS* = 6.85caI/K 


1 

962 


0.531 
0.469 


c. PS 
PPO 


0.005 
0.005 
AS* = 0.01 38 cal/K 


962 
833 


0.536 
0.464 



The result for (c) illustrates why polymer-polymer solubility essentially 

a negative AH, ^ 



requires 



.nn't"/"^'"!? "u"' ^'^'""'■''"^ ^'^"^Py °f ^'^'^g' was Obtained by 
considenng he change m adjacent-neighbor (molecules or segments) interac- 

witn Li,ij mteractions upon mixmg: 



AH = RTx(i>2n,x, [ = ]cal 



(7.11) 



TAT ^ IV^^ ^^ory-Hmins interaction parameter. Initially, x was interpreted 

(7.2) and (7.11) (keepmg m mind that the enthalpy in (7.2) is based on a unit 
volume of solution while that in (7.11) is an extendve t^;) and maLg^^^^^ 

pl^m^s'S^ef r ""^^^-""^^"^ ~ 



RT 



(7.12) 



is F t . Y "'^"^T^^ ^P^^^^^ ^ 2 (assumed to be the 

jame)^r^ in a monomeric solvent . is taken as the 

molar volume of thT^l^nir^^FPSSTW^ 

we see t at (7.12) predicts , > 0. Actually, negative values have beTob^^^^^^^^^^^ 
If t s assumed that the entropy of solution is entirely configurational 
substitution of (7.10) and (7.1 1) into (7.1) gives nnguraiional, 



AG = RTin, In <t>, + In (t>2 + X(p2n,x,) 




(7.13) 
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Again, for the usual monomeric solvent, x. = 1. For a polydisperse solute, the 
middle term m the right side of (7.13) must be replaced by a summation over all 
the solute species; however, treatment as a single solute with x, = x usually 
suffices. ■ " ^ 

In terms of the Flory-Huggins theory, the criterion for complete solubility of 
a high molecular weight polymer across the composition range is 



X < 0.5 for solubility 



(7.14) 



It IS now recognized that there is an interactive as well as a configurationai 
contribution to the entropy of solution. That is also included in the y term so 
Xis now considered to be a AG (rather than strictly a AH) of interaction per mole 
of solvent divided by RT. The first two terms on the right of (7.13) therefore 
represent the configurationai entropy contribution to AG, while the third term is 
the interaction contribution and includes both enthalpy and entropy effects 

Tlie Flory-Huggins theory has been used extensively to describe phase 
equihbna m polymer systems. It can. for example, qualitatively describe the 
lower phase boundary (UCST) in Fig. 7.1, though it rarely gives a good 
quantitative fit of experimental data. Partial differentiation of (7.13) with respect 
to n, (keeping in mind that <t>^ and are functions of n,) gives the chemical 
potential of the solvent. This is, of course, a key quantity in phase equilibrium 
and also makes x experimentally accessible. Further development is beyond the 
scope of this chapter, but the subject is well treated in standard works on 
polymer solutions. ^^"'^ 

The limitations of the Flory-Huggins theory have been recognized for a long 
time. It can't predict an LCST (Fig. 7.1). It is perhaps not surprising that 
X depends on temperature, but it unfortunately turns out to be a function of 
concentration and molecular weight as well, limiting practical application of the 
theory. These deficiencies are thought to arise because the theory assumes no 
volume change upon mixing and the statistical analysis on which it is based is 
not valid for very dilute solutions, particularly in poor solvents. There has been 
considerable subsequent work done to correct these deficiencies and extend 
lattice-type theories.'* " 

Experimental values for x have been tabulated for a number of poly- 
mer-solvent systems, both single values' and even as a function of composi- 



tion. 



' They may be used with (7.14) to predict solubihty. 



(7.13) 



7.8 A PROMISING RECENT APPROACH 

-In=1=975rAtoams=and4>rausnitz'8-published=a=new^quation4or-the-eibbs4^^^^ 
energy of mixtures which they called UNIQUAC (universal quasi-chemical) It 
contains two interaction parameters per binary pair in the mixture and two 
parameters characteristic of each component. The utility of UNIQUAC was 
extended considerably with the development of UNIFAC (UNIQUAC func- 
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STRODUCTION 

; section, cohesive energy density and solubility parameters 
:fined and some of the limitations of solubility parameters 
scussed. 

Cohesive Energy Density and the Solubility 
ebrand) Parameter 

rocess of dissolving an amorphous polymer in a solvent is 
led by the free energy of mixing 



where AG^ = the Gibbs free energy change on mixing, AH^ = 
the enthalpy change on mixing, 7 = the absolute temperature, 
and AS„ = the entropy change on mixing. A negative AG^ 
predicts that a process will occur spontaneously. Since the 
dissolution of a high-molecular-weight polymer is always con- 
nected with a large increase in entropy, the enthalpy term (the 
sign and magnitude of AH^) is the deciding factor in determin- 
ing the sign of the Gibbs free energy change. Solubility parame- 
ters were developed to describe the enthalpy of mixing of simple 
liquids (nonpolar, nonassociating solvents), but have been exten- 
ded to polar solvents and polymers. 

Hildebrand and Scott (59) and Scatchard (101) proposed that 



-.-((f)'"-(f)"T*.*= 



(2) 



where volume of the mixture, A£; = energy of vaporization 
of species / , 1/ = molar volume of species /, and 0. = volume 
fraction of / in the mixture. A£; is the energy change upon 
isothermal vaporization of the saturated liquid to the ideal gas 
state at infinite volume (94). The cohesive energy density 
(CED), A£;, is the energy of vaporization per cm^ The 
solubility parameter has been defined as the square root of the 
cohesive energy density and describes the attractive strength 
between molecules of the material 



(3) 



(1) 



^Tlie^dijnenAipn^^^^ 
2.046 X 10^(J/m^)^^^ = 2.046 (MPa)^^^. The solubility parameter 
can be considered as the internal pressure' of the solvent 
(9-11). Equation 2 can be rewritten to give the heat of mixing 
per unit volume for a binary mixture 

AH^ 

~ir = (^i - ^z) <Pi(i>2 (4) 

In order for AG^ in Eq. 1 to be less than zero, the heat of mixing 
must be smaller than the entropic term. AG^ will always be less 
than zero for regular solutions if 5, = 5^ and the components will 
be miscible in all proportions. In general (5^ - musfbe small 
for the components to be miscible. Equation 4 gives the heat of 
mixing of regular solutions in which the components mix with (a) 
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no volume change on mixing at constant pressure, (b) no 
reaction between the components, and (c) no complex formation 
or special associations (114) 5, of Eq. 3 is often called the 
Hildebrand parameter. Some researchers (13) prefer the term 
^cohesion parameter' since it correlates with a. large number of 
physical and chemical properties and not just the miscibility of 
components. The solubility parameter of a mixture is often taken 
to be the sum of the products of the component solubility 
parameters with their volume fractions. 

^E] is related to the enthalpy of vaporization 



(5) 



where R = ideal gas constant. The solubility parameter of sol- 
vents can be determined by measuring the enthalpy of vaporiza- 
tion (or using a correlation for ^H] ) and using Eq. 6. 



(6) 



Equation 5 is a simplified description of the molar cohesive 
energy. A complete description is given below (95). 



A£; = AH] + ah; - /?r + px 



V) 



where AH^ = molar increase in enthalpy on isothermally ex- 
panding the saturated vapor to zero pressure and = saturation 
vapor pressure at temperature T. At pressures below 1 atm, the 
AH;^ ^ndpX terms are usually much less than AH] and RlUnd 
Eq. 7 reduces to Eq. 5. At the critical point, A//; = 0 and Eq. 5 
incorrectly predicts a negative value for the cohesive energy 
density while Eq. 7 yields a small positive value. 

Equation 1 can be modified for crystalline polymer phase 
equilibria by including terms for the heat of fusion and the 
entropy change associated with the disruption of the crystal 
lattice. Some crystalline polymers obey the solubility parameter 
model at temperatures near their melting point, 7 ^ 0.9 T 
(123). Solvent swelling experiments with crystalline polymer^ 
may fit the model. 

1.2 Cohesive Energy Parameters for Polar Systems 

The solubility parameter describes the enthalpy change on 
mixing of nonpolar solvents well but does not give uniform 
results when extended to polar systems. Table 3.1 contains a list 
of a wide variety of liquids categorized by low, medium, and high 
hydrogen-bonding capacities (21-24). Complete miscibility is 
expected to occur if the solubility parameters are similar and the 
degree of hydrogen bonding is similar between the components. 
-^yxdtgcarbons,_^hiorinaj^^^ hy.drocarbons,. and. nitrohydrocar^ 
bons are considered to be poor hydrogen-bonding solvents. 
Ketones, esters, and glycol monoethers give moderate hydrogen 
bonding. Alcohols, amines, acids, amides, and aldehydes are 
strong hydrogen bonding solvents. Tables 3.1, 3.2, and 3.4 
classify materials with the designations p, w, and s referring to 
these categories. Alternative classifications have been given by 
Lieberman (69). Gardon (41 . 85. 86), and Dyck and Hoyer (32). 

Other investigators have decomposed the Hildebrand param- 
eter into several terms, representing different contributions to 
the energy of mixing. Hildebrand (59) used dispersive and polar 
solubility terms for solvents with the complete parameter given 
by 



where 5, = the dispersive term and 5p = the polar term The 
additional term improved agreement between 8 and experimen- 
tal data, Prausnitz and co-workers accounted for polar bonding 
by mcluding parameters for permanent dipole interactions and 
dispersion type interactions. This approach has been applied to 
polymer solutions (15) and complex formation (57). Crowley et 
al. (26, 27) proposed a three-parameter system. 

Hansen (49-53, 56) and Hansen and Skaarup (54) assume 
that the cohesive energy arises from dispersive, permanent 
dipole-dipole interactions and hydrogen bonding forces 



(9) 



where 5, = dispersive term, - polar term, and 6, = hydrogen 
bonding term. 8^ probably accounts for a variety of association 
bonds, including permanent dipole-induced dipole (47). The 
values of these components for solvents were calculated from a 
large number of solubihty data sets. Polymer solubihty parame- 
ters can also be decomposed to a three-term set. The Hansen 
parameters give improved agreement with data but are still not 
completely accurate in predicting solution thermodynamics for 
every system. 

The region of solubility is characterized by the distance 
between solvent and solute coordinates (14) 

^0 = m. - + (8,, - 8,,r + {8,, - 6,J^)-= (10) 

If the distance between the solvent and solute Hansen coordi- 
nate position exceeds R.., the two components are not soluble 
(or swelhng is less than expected). R.. reduces the need for 
three-dimensional plots, which were difficult to accomplish in 
the past. Computer-aided design packages should permit rapid 
solutions to these problems now. Some investigators have used 
two-dimensional plots for polar and hydrogen bonding terms, 
but the technique may be misleading for materials with large 
dispersion contributions. Barton (12) gives a number of models 
and contour map examples. 

Applications of solubility parameters include finding compat^ 
ible solvents for coating resins, predicting the swelling of cured 
elastomers by solvents, estimating solvent pressure in devolatili- 
zation and reactor equipment (16), and predicting polymer- 
polymer (107), polymer-binary (93), random copolymer (102), 
and multicomponent solvent (38, 98, 108, 109) equilibria. 

1.3 Relationships between the Solubility Parameter 
and Other Thermodynamic Parameters 

— Hildebrand- and -Hansen-parameters-can- be calculated" using — 
other thermodynamic quantities. This section contains some of 
the thermodynamic relationships for binary systems. Extension 
to multicomponent systems is described in part by Florv (37) and 
Olabisi et al. (89). ^ 



Activity Coefficients The relationships between solvent solu- 
bility parameters and solvent activity coefficients using excess 
free energy calculations on regular solutions are (93) 



RT]ny,=V^^;(8^-8^y 



(11) 



(8) 



(12) 
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lations II and 12 depend on the use of the geometric mean, 
= (5,6,)''". Funk and Prausnitz (40) show that there are 
ations from this rule for aromatic hydrocarbons. 



far Excess Free Energy of Mixing For binary solutions , the 
ar excess free energy of mixing can be written as 



(19) 



;re dj^ = solubility term of group / for species /. 



(13) 



ymer-Solvent interaction Parameter The polymer-solvent 
.Taction parameter has been written as a sum of an entropic 
! enthalpic component 



(14) 



trQXs = entropic term and Xh = enthalpic term of the interac- 
;i parameter. is usually taken to be a constant between 0.3 
j 0.4 for nonpolar systems (Xs ^ ^.34 is often used) (15, 104). 
e enthalpic component can be related to the Hildebrand 
rameters 



Xh = "^2)' 
X= 034+ ^{8,-8,) 



(15) 
(16) 



juation 15 only allows positive values for Xh- X < 0.5 is the 
ory-Huggins theory criterion for a polymer and solvent to be 
mpletely miscible over the entire composition range. The 
lubility parameters of the solvent and polymer must be similar 
r this to occur (21). The molar volume of the solvent also 
t'ects miscibility and phase equilibria: a Hildebrand parameter 
:eded for phase separation or miscibility cannot be specified 
ithout specifying K,. Equation 16 works well for nonpolar 
stems where Eq. 15 is a good description of the enthalpic 
^rtion of the interaction parameter. For polar systems, the 
.ometric mean assumption of regular solution theory is not 
')propriate, and better models include an extra term describing 
e interchange energy density for the solvent-solute pair. For 
cample 



12 ~ ^ ^ 2 ~ 2 ^2^1 



-(4-7-)^ 



here I = characterizes the intermolecular forces between 
lolecules and the geometric mean assumption is not made, and 



AT = AT. + 



RT 



(18) 



Equation 17 allows the modelling of specific interactions 
between components 1 and 2. Mixed solvents can be treated as a 
ingle solvent by determining the solubility parameter of the 
solvent mixture and then using this value in Eq. 16. If both the 
solvents and the polymers interact, then the description is more 
complicated. 

The two-component solubility parameter can be used to define 
\„(25). 



The Hansen parameters also could be used to model A^.. 

Several recent theories for polymer solution thermodynamics 
include entropic, enthalpic, and free-volume contributions to the 
free energy of mixing. For example, Eq. 14 would be modified 
by including A'5{fv) ^ free-volume (noncombinatorial) contribu- 
tion to the entropic interaction parameter. The free-volume 
contribution to entropy has the opposite temperature dependen- 
ce from the combinatorial term and helps explain the lower 
critical solution temperature. Assuming that Eq. 15 correctly 
describes the temperature dependence of the enthalpic contribu- 
tion, Eq. 16 might not be valid over large temperature ranges 
because of the assumption, Xs ~ 0.34, 

2. CALCULATIONS OF AND CORRELATIONS FOR 
SOLUBILITY PARAMETERS 

Solubility parameters can be determined by direct measure- 
ments, correlations with other physical parameters, or indirect 
calculations. The solubility parameters of solvents usually can be 
determined directly. The solubility parameters of polymers can 
only be determined indirectly and may be affected by variations 
in their chemical constitutions, i.e., the number of crosslinks and 
the distribution of chain branches or substitutive groups along 
the polymer backbone. The methods presented in Section 2 can 
be used to develop correlations of solubility parameters with 
other physical properties for specific commercial polymer prod- 
ucts or to estimate the solubility parameters of new polymers. 

2.1 Solvents 

Relating the Enthalpy of Vkporization to the Energy of Vap- 
orization. When A//;' is available at 25''C, Eq. 5 can be used to 
calculate A£,^ The molar volume of the solute is needed to 
complete the calculation of 8 using Eq. 3. This is the most direct 
and accurate method of determining the solubility parameter. 
However, 5's determined in this way may not give the best 
prediction of solution behavior. The values in Tables 3.1-3.3 
reflect how the solvents behave in a variety of systems. 

Correlations. Both the enthalpy of vaporization and the molar 
volume of a solvent can be estimated from correlations. When 
A //J is known at the normal boiling point, it can be converted to 
the appropriate value at a second temperature using (126) 



-A/f;rT, 



(20) 



This corresponding-state-type procedure gives estimates within 
2% of experimental values over a wide range of temperatures 
(35). Hildebrand and Scott (59) proposed an empirical correla- 
tion between A//,^ at 25°C and the normal boiling point, 7^ 



4//:298°K = 0.2950 + 23.77, + 0.0207, 



(21) 



where the enthalpy units are kcal/mol. Lawson (67) suggests 
different coefficients to include fluorocarbon liquids. The 
Clausius-Clapeyron equation can be applied if vapor pressure 
data are available. Equation 21 is reasonably accurate only for 
liquids which are not hydrogen bonded. The Hildebrand param- 
eter calculated by Eq. 21 should be adjusted (24) as follows for 
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different solvents: add 1.4 (cal/cnT^)^'^ for alcohols, add 0.6 
(cal/cm')*'^ for esters, and add 0.5 (cal/cm')''^ for ketones if 
the boiling point is less than 100°C. Jayasri and Yaseen (64) 
suggest adding 1.7 (cal/cm^)^'" for alcohols. 

Solvent molar volumes are often available or can be calcu- 
lated by group molar volume methods at 25°C (35). The molar 
volume for solids at 25°C can be extrapolated from liquid state 
values (the liquid is assumed to be subcooled). 



Thermodynamic Coefficients, The internal pressure tt is de- 
fined as (88) 



(22) 



Since the external pressure is usually small with respect to TjB, 
the internal pressure is approximated by 



..7-,.r2.r(||) 



(23) 



where the constant volume thermal pressure coefficient j3 is the 
ratio of the coefficient of thermal expansion a to the isothermal 
compressibility k. The Hildebrand parameter is the square root 
of the internal pressure; Eq. 23 provides a method for scaling the 
Hildebrand parameter with temperature. For polymers, this 
equation provides a method for the direct estimation of 5 [a and 
K are measurable, where A/fJ is not meaningful (Eq. 5)]. The 
thermal pressure coefficient (Eq. 23) can be evaluated from 
vapor-pressure data and is easier to apply than the Clausius- 
Clapeyron equation. For applications at high pressure, such as 
phase equilibria in reverse osmosis membranes, the external 
pressure term of Eq. 22 may not be negligible. Solubility 
parameters generally decrease with increasing pressure. 



van der Waals Gas Constant, Tables are available in many 
handbooks for the van der Waals correction constants to the 
ideal gas law, a and b, where a has units of (liters)^ -(atmos- 
pheres). For some liquids, these values may be at hand when 
other data are not available. They can be used to check 
Hildebrand parameter values obtained from other sources. 



5 = 1.2- 



(24) 



The form of Eq. 24 can be obtained by substituting the van der 
Waals equation of state into Eq. 22. 



Critical Pressure, The solubility parameter is related to the 
critical pressure of a substance through the empirical equation 



6 = 1.25F 



(25) 



Surface Tension. Michaels (83) has shown that the surface 
tension can be related to the cohesive energy density 



(26) 



where is the surface tension and i4 is a constant. Koenhen and 
Smolders (65) correlated surface tension and two Hansen pa- 
rameters 



Ml)' 



(27) 



df, is probably not related to the liquid-vapor interfacial energy 
these interactions do not involve breaking hydrogen bonds. 
Equation 27 does not describe cyclic compounds, acetonitrile, 
carboxylic acids, polyfunctional alcohols, and other polar com- 
pounds well. Hildebrand and Scott (59) have proposed a 
different equation, which has been discussed by Lee (68). 



Index of Refraction. The dispersive Hansen parameter can be 
related to the index of refraction, (65, 105): 



5d = 9.55«^-5.55 



(28) 



The interaction energy between nonpolar molecules should 
depend on polarizability (London dispersion forces) and there- 
fore the index of refraction. 



Dipole Moment. Hansen and Skaarup (54) related the polar 
Hansen parameter to the dielectric constant e and the dipole 
moment fi 

12108 e - 1 



(n^+2)/x^ 



(29) 



Beerbower and Dicky (14) proposed an empirical relationship. 



5p = 9-5^ 



(30) 



Kauri Butanol Values. Proprietary hydrocarbon solvents are 
usually mixtures with boiling ranges and unknown molecular 
weights. Solubility parameters values may be estimated from 
Kauri butanol values (ASTM Method D1133-54T) using the 
equation 



6 = 6.3 + 0.03(KB) 



13ir 



2.2 Polymers 

Hildebrand parameters cannot be calculated for polymers from 
heat of vaporization data because of their nonvolatility. Indirect 
methods are described below. The solubility parameter values in 
Tables 3.4-3.6 may only be representative of the given polymer, 
since variations in compositions can lead to changes in 5. 



where the critical pressure is expressed in atmosphere. Equation 
25 is not very accurate, but is simple to apply if critical pressure 
data are available. 



Solvency Testing {Screening Procedure). The solvency prop- 
erties of a commercial polymer can be defined by determining its 
solubility parameter range for each hydrogen bonding class of 



solvents (poor, moderate, and strong). The midpoints of these 
ranges may be used as single-valued quantities for some pur- 
poses, but may not agree with values determined by other 
methods (43). A gram or two of solid polymer is placed in a test 
tube and an approximate amount of a selected solvent is added 
such that the final solution would have about the correct solids 
content for the expected commercial use, e.g., 50% for alkyds, 
20% for vinyls, etc. The exact amount is often unimportant] 
except for poor solvents. A typical phase diagram for binary 
polymer-solvent sytems may show upper and lower critical 
solution temperatures. The one-phase region expands away from 
the UCST and LCST points, which often occur in the range of 20 
to 80 wt% polymer. The usual purpose of these experiments is to 
find good solvents for commercial product formulation, and this 
screening procedure will help identify such solvents. The mixture 
may be warmed and stirred to speed up solution, but it should be 
cooled and observed at room temperature. The resulting mixture 
should be a single phase, clear and free of gel particles or 
cloudiness, otherwise the polymer is judged insoluble. The 
solvents to be used are selected from Table 2.1. 



TABLE 2.1 SELECTED SOLVENTS FOR USE IN 
POLYMER SOLVENCY TESTING {5 IN (MPA)''') 



Solvent 



2.1 Selected Solvents for Use in Polymer Solvency Testing VII/ 523 

This grouping of solvents has been selected so that the 
Hildebrand parameter values increase by reasonably constant 
steps within each hydrogen bonding class. The object of using 
these solvent spectra is to establish a solubility parameter range 
for a polymer rather than a single-valued number. This ranee has 
the advantage of showing the difference (5,-5,)' (see Eqs. U and 
15), which can be tolerated between the solubility values of the 
polymer and solvent for miscibility. Van Dyk et al. (120). have 
shown that including the molar volume improves the correlation 
between solvency and the solubility parameters. A better meas- 
ure of solubility might be the group, KiS,-8,)\ but such values 
are not now available for a wide range of polymers. 

In carrying out the procedure, it is convenient to select the 
first trials about 1/3 and 2/3 of the way down the column; for 
example, in the pooriy hydrogen bonded group, toluene and 
nitroethane would be chosen. If the polymer is soluble in both, 
there is no need to try intermediate solvents because experience 
has shown that the polymer will be soluble in every case. The 
solvents at the end of the spectrum should be tried next. If the 
polymer is soluble in one but not both of the initial trials, the 
third trial should be half-way between the two. By successive 
choices, sets of two adjacent solvents will be found, one of which 
dissolves the polymer and one which does not. The parameter 
values of the solvents which do dissolve the polymer mark the 
ends of the range. The procedure is repeated for the other two 
hydrogen bonding classes. 



POORLY HYDROGEN BONDED 



n-Pentane 


14.3 


n-Heptane 


15.1 


Methylcyclohexane 


16.0 


Solvesso 150 


17.4 


Toluene 


18.2 


Tetrahydronaphthalene 


19.4 


o-Dichlorobenzene 


20.5 


1-Bromonaphthalene 


21.7 


Nitroethane 


22.7 


Acetonitrile 


24.1 


Nitromethane 


26,0 



MODERATELY HYDROGEN BONDED 

Diethyl ether 
Diisobutyl ketone 
n-Butyl acetate 
Methyl propionate 
Dibutyl phthalate 
Dioxane 

Dimethyl phthalate 



2,3-Butylene carbonate 
Propylene carbonate 
Ethylene carbonate 



15.1 
16.0 
17.4 
18.2 
19.0 
20.3 
21.9 



STRONGLY HYDROGEN BONDED 

2-Ethyl hexanol 

Methyl isobutyl carbinol 

2-EthyIbutanol 

n-Pentanol 

n-Butanol 

n-Propanol 

Ethanol 

Methanol 



24.8 
27.2 
30.1 



19.4 
20.5 
21.5 
22.3 
23.3 
24,3 
26.0 
29.7 



Swelling Values. Another method for measuring the solubility 
parameter of polymers is to prepare a sparsely crosslinked form 
and immerse samples in a series of liquids of varying 5. The 
crosslinked material will swell to varying degrees. The amount of 
swelling can be measured by length, weight, or volume changes. 
The amount of swelling should be at a maximum when the 
solvent has the same Hildebrand parameter as the polymer. By 
inference, the soluble, uncrosslinked material has the same 
value. An example of a crosslinked sample is styrene polymer- 
ized with 1% divinyl benzene. 

Refractive Index. Koenhen and Smolders (65) have predicted 
dispersive Hansen parameters from refractive index measure- 
ment on polymers. Wu (127) has suggested an effective cross- 
sectional area to relate the cohesive energy density and surface 
tension. 



(32) 



where - number of atoms in a segment, V. ^ = molar volume 
of a segment, and = dispersion contribution to the free 
surface energy of the polymer. 

Dipole Moment. Equation 29 has successfully applied to poly- 
mers by Koenhen and Smolders (65). The dipole moments of 
polymers are between 70 and 90% of those of the corresponding 
monomer units. 

Hydrogen- Bonding Parameter. Hansen and Beerbower (55) 
compiled enthalpy data for hydrogen bonding groups. The 
foilowmg values are suggested: 
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Vn/524 SOLUBILITY PARAMETER VALUES 



Group 


Cohesive energy 
£i, kjmol"' 


Refs. 


Alcohol 


20.9 


— 


Amide 


16.3 


83 


Ester 


5.2 


54 


Nitrile 


2.1 


54 


Ether 


2.3 


54 


Monochloro substituent 


0.4 


54 


Phenylene ring 


0.4 


54 



The hydrogen-bonding parameter is given by 



5-:= I (33) 

Intrinsic Viscosity, A number of researchers have used intrin- 
sic viscosity to estimate Hildebrand parameters. Flory (37) 
related intrinsic viscosity to polymer molecular weight and the 
chain-expansion factor. The chain-expansion factor can, in turn, 
be related to the polymer-solvent interaction parameter using 
the Flory-Huggins theory. A variety of models can be used to 
relate the interaction parameter to Hildebrand parameters (19, 
80, 115), These equations have the form 

[ri] = K,-K,,V':A8' (34) 

where [-q] intrinsic viscosity, K. = constants, and n is either 1/2 
or 1 (120). These researchers have shown that Eq. 34 gives a 
good correlation between solvency and Hansen parameters for 
meth aery late polymers. 

Inverse Phase Cas Chromatography. Inverse phase gas 
chromatography has been used by a number of investigators to 
measure infinite dilution weight fraction activity coefficients (6, 
29-31, 63, 71-72, 84, 90-91, 113). These coefficients can be 
related to Hildebrand parameters by using a thermodynamic 
theory for polymer solutions, such as Flory-Huggins theory. The 
polymer is the stationary phase in a gas chromatography column. 
Both binary and multicomponent equilibria (46, 99, 100) can be 
studied using this method. Chromatographic techniques have the 
advantage of rapid measurement of thermodynamic values once 
the columns have been made. Both and A/// must be known 
at the temperature of the column. Molar volumes for the 
solvents can be determined by using literature density equations 
or generating equations from density data. Values for the 
enthalpy of vaporization can be determined at the experimental 
temperature (71). 

~~The "invefs"F^ phase" ga^^ - 
advantage of providing values for Sj"" over a range of tempera- 
tures. This is particularly valuable for the prediction of phase 
equilibria at elevated temperatures. The value of 5,* at 25°C can 
be estimated by using the expected temperature dependence for 
X (Eq. 16) of 

X^ct^filT (35) 



One potential problem with this technique is that x is known to 
be a function of concentration and the polymer Hildebrand 
parameter is determined at infinite dilution of solvent. For a 
number of binary systems, the change in x with solvent weight 
fraction is the largest as w,-*^0. The concentration dependence 
of X may increase as x increases, so that systems with moderate 
or strong enthalpic interactions may not be modelled well. 



2.3 Group Contribution Methods 

Group contribution methods have been applied to the prob- 
lem of estimating the solubility parameter(17, 20, 28, 33, 35, 58, 
60-61, 96, 112, 121-122). van Krevelen (123), Fedors (35), and 
Barton (12) have reviewed these techniques and give tables of 
group values. The molar volume of solvents and polymers can 
also be estimated by a group contribution technique (108). 

The sets of group constants of Small (112), Hoy (61), van 
Krevelen (121), and van Krevelen and Hoftyzer (122) seem to 
be most comprehensive. Table 2.2 gives the group molar 
attraction constants at 25°C. Small's values were derived from 
measurements of the heat of vaporization. Hoy's values were 
derived from vapor pressure measurements. The group contribu- 
tion values of van Krevelen and Hoftyzer are based on cohesive 
energy data of polymers. 

The group contribution techniques are based on the assump- 
tion that the contributions of different functional groups to the 
thermodynamic property are additive. The energy of vaporiza- 
tion of a solvent or polymer is 

A£; - 2wyAf . (36) 

j 

where Le. is the energy of vaporization contribution of group / 
and n- is the number of groups of type j in the molecule. The 
solubility parameter is obtained by combining Eqs. 42 and 43 




Small (112) defined the molar attraction constant as 

F. = (A£;..KJ"^ (38) 
which can be used to calculate the solubility parameter by 

where p. is polymer density and M. is polymer molecular weight. 
For polymers, 5. can be evaluated for the repeating group b\ 
using group contribution calculations for the molar volume and 
the cohesive' energy density or molar attraction constant. 



TABLE 2.2 CROUP CONTRIBUTIONS TO COHESIVE ENERGY DENSITY^ 



2.3 Group Contribution Methods VII/ 525 



F[(MPa)"^cin' mol 'l 



I roup 



Small (112) 



van Krevelen(121) 



Hoy (61) 



A£;fJ mol"') 
van Krevelen 
and Hofty2er(122) 



CH, 

CH, 

CH- 

-C= 

CH, 

CH- 

C< 

CH=(aromatic) 
-C=(aromatic) 
CH(CH3)- 
C(CH,),- 
CH=CH- 
C=CH- 
(CH3)=CH- 
\CbC- 

yclopentyl 

yclohexyl 

henyl 

henylene 

aphthyl 



437 
272 

57 
-190 
388 
227 

39 



495 
685 
454 
265 
(704) 
583 
454 



1500 
1350 
2340 



CARBON CONTAINING GROUPS 

420 
280 
140 
0 



222 
82 



560 
841 
444 
304 
724 



1380 
1660 
1520 
1380 



303 
269 
176 
65 
259 
249 
173 
240 
201 
(479) 
(672) 
497 
421 
(725) 



1300 
1470 
(1400) 
(1440) 



9630 
4190 
419 
-6700 



(10000) 
(12600) 
8374 
1675 
(11300) 



28500 
25100 



)-(ether) 

(epoxide) 
OH 

(aromatic) 

CO- 

:ho 

:oo- 

:ooH 

0-(C-O)-O- 
C=0)-0-(C=0)- 



NfH, 

sfH- 

:hcn 
:n 

C=0)-NH- 
)-(C=0)-NH- 

>i=c=o 



H 

'l(primary) 
ir(primary) 

:>-N=o 
JO, 

'o; 



143 

562 
634 



(896) 
839 



164-205 
460 
644 
(250) 
552 
695 
870 
307 
561 
900 
900 
1020 
-77 



OXYGEN-CONTAINING GROUPS 
255 

754 

685 

511 
651 
767 
767 

NITROGEN-CONTAINING GROUPS 



1120 
982 
1290 
1480 



-OTHER GROUPS ~ 

140 
460 

164 
471 
614 



235 
360 
462 
350 
538 
599 
688 
(998) 
(904) 
1160 



464 
368 
125 

(901) 
725 

(906) 
(1040) 
734 



6280 



13400 



(28900) 
28500 
60700 



-103(acidic dimer) 
428 

84 
420 
528 



6280 

5020 
13000 
15500 
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VII / 526 SOLUBILITY PARAMETER VALUES 



Group 



Small (112) 



F[(MPa)*"cm' mol"'] 



van Krevelen (121) 



Hoy (61) 



A£: (J mol") 
van Krevelen 
and Hoflyzer(122) 



STRUCTURAL FEATURES 



Conjugation 

cis 

trans 
Ring^ 

5 

6 

Subscription 
ortho 
meta 



41-61 



215-235 
194-215 



48 
-15 
-28 
159 

43 
-48 

20 
14 



A -Values in parentheses are calculated from other hteraiure values (122). 



Small's constants should not be used for alcohols, amines, 
carboxylic acids, or other strongly hydrogen bonded compounds 
unless such functional groups constitute only a small part of the 
molecule so that the proportional error is not great. Small's 
constants should be compatible with data in Tables 3.1 and 3.2, 
which were calculated from latent heats or approximated from 
actual boiling points. Hoy's constants are based on vapor 
pressure measurements and should be used with solvent solubili- 
ty parameters derived from vapor pressure data. The differences 
between experimental and calculated solubility values is usually 
less than 10% (35), but special care should be taken with 
complex ring compounds. Ahmad and co-workers have calcu- 
lated solubility parameters for a number of polymers (1-5). 



3. SOLUBILITY PARAMETER TABLES 

Tables 3.1 and 3.2 contain data on a wide variety of liquids. The 
values are based on heats of vaporization, with corrections 
applied as described in Section 2.1. Values for commercial mixed 
hydrocarbon solvents were estimated from published Kauri 
butanol values. Hansen parameters for solvents and polymers 
are given in Tables 3.3 and 3.6, Values for commercial polymers 
are given in Tables 3.4 and 3.5 and are consistent with the 
solvent data in Tables 3.1 and 3.2. The single values given in 
Table 3.5 have been obtained by different methods; the original 
reference should be checked prior to using any particular value. 



TABLE 3.1 SOLUBILITY PARAMETERS OF SOLVENTS: ALPHABETICAL LIST 



Solvent 



d 

[(MPa)'''] 



[(cal/cm')"'] 



H-Bonding 
Group 



Acetaldehyde 
Acetic acid 
Acetic anhydride 
Acetone 
Acetonitrile 
Acetophenone 
Acetyl chloride 

_ AcetylrnorphpJine_(N)__^ 

Acetylpiperidine (N) 

Acetylpyrrolidine(N ) 

Acrolein 

Acrylic acid 

Acrylonitrile 

Allyl acetate 

Allyl alcohol 

Allyl chloride 

Ammonia 

Amyl acetate (iso) 

(normal) 
(secondary) 

Amyl alcohol 

(normal) 



21.1 
20.7 
21.1 
20.3 
24.3 
21.7 
19.4 
23.7 
™22.9~ 
23.3 
20.1 
24.6 
21.5 
18.8 
24.1 
18.0 
33.4 
16.0 
17.4 
17.0 
20.5 
■ 22.3 



10.3 
10.1 
10.3 

9.9 
11.9 
10.6 

9.5 
11.6 
— 11-.2- - 
11.4 

9.8 
12.0 
10.5 

9.2 
11.8 

8.8 
16.3 

7.8 

8.5 

8.3 
10.0 
10.9 



m 

s 
s 
m 

P 
m 
m 
m 

s 
s 
s 

p 

m 

s 

m 

s 

m 
m 
m 

s 
s 



VII /544 SOLUBILITY PARAMETER VALUES 



Molar volume Solubility Parameters 

[cm'/mol] [(MPa)' 
Solvent V 5p 5„ 



POLYHYDRIC ALCOHOLS 



Ethylene glycol 


55.8 


17.0 


11.0 


26.0 


32.9 


Glycerol 


73.8 


17.4 


12-1 


29.3 


36.2 


Propylene glycol 


73.6 


16.8 


9.4 


23.3 


30.3 


1,3-Butanediol 


89.9 


16,6 


10.0 


21.5 


28.8 


Diethylene glycol 


95.3 


16.2 


14.7 


20.5 


29.9 


Triethylene glycol 


114.0 


16.0 


12.5 


18.6 


27.4 


Hexylene glycol 


123.0 


15-8 


8.4 


17.8 


25.2 


Dipropylene glycol'^ (mixed isomers) 


131.3 


16.0 


20.3 


18.4 


31.7 



" Altered from previously published value. 

Solid, ireaied as supercooled liquid. 
* Values uncertain. 

Impure commercial product of this nominal formula. 



TABLE 3.4 SOLUBILITY PARAMETER RANGES OF COMMERCIAL POLYMERS* (CHEMICAL COMPOSITION ADDED WHEREVER KNOWN) 

S in [(MPa)* ^] 6 in ((calWr^] 

Solvent Hydrogen Bonding Solvent Hydrogen Bonding 



Polymer Poor Moderate Strong Poor Moderate Strong 



POLY(ACRYLICS) 



Acryloid B-44 

Acryloid B-66 (MMA/BMA copolymer) 

Acr>']oid B-72 (EMA/MA copolymer) 

Acryloid B-82 (EA/MMA copolymer) 

Poly( butyl aery late) 

Poly(isobutyl methacrylate) 

Poly(n-butyl methacrylate) 

Poly(ethyl methacrylate) 

PoIy(methacrylic acid) 

Poly(methyl methacrylate) 

80 BMA/20 An 

75 Isobornyl MA/25 C 

20 MAA/80 —Blown linseed oil 

15 MAA/38 EA/47 S 

15 MAA/27.5 MA/57.5 VAc 

15 MAA/17.5 MA/67.8 VAc 

58 MAA/42 C 

50 MMA/50 EA 

25 MMA/75 EA 

-40-MMA-/4G-EA/-20-AGE 

45 MMA/45 EA/lO AM 
55 MMA/30 EA/15 An 
40 MMA/40 EA/20 An 
40 MMA/40 EA/20 tBAMA 
40 MMA/40 EA/20 C 
40 MMA/40 EA/20 MAA 
45 MMA/45 EA/IO mAm 
40 MMA/40 EA/20 VBE 
Pacrosir 9055. 50% (SIR) 

in 507c solutions 

in \9c solutions 



18.2- 24.3 
17.4-22.7 
17.4-26.0 
17.4-22.7 

14.3- 26.0 

17.4- 22.7 

15.1- 22.7 
17.4-22.7 

0 

18.2- 26.0 
17.4-26.0 
15.1-21.7 
17.4 
19.4 

0 
0 

19,4 

17.4-26.0 
0 

-17.4-26.0- 
22.7-26.0 
21.7-26.0 
21.7-26.0 
17.4-26.0 
17.4-26.0 
0 

17.4-26.0 
17.4-26.0 

16.0-22.7 
17.4-22.7 



17.4-27.2 

16.0- 24.8 

18.2- 26.0 
18-2-24.8 

15.1- 24.8 
17.4-20.3 
15,1-20.3 
16.0-27.2 
20.3 

17.4-27.2 

16.0- 25.0 

15.1- 17.4 
0 

17.4-18.2 

20.3- 30.1 

20.3- 30.1 

17.4- 25.0 
16.0-27.0 
18-2-22.1 

-16.0-27.0- 

18.2- 27.0 
17,4-20.3 
19.0-30.1 
16.0-27.0 
16.0-27.0 
18.2-22.1 
17.4-27.0 

16.0- 27.0 

15.1- 22.1 
15.1-22.3 



0 
0 
0 
0 

19.4-26.0 
19.4-23.3 
19.4-23.3 
19.4-23,3 
26.0-29.7 

0 

0 

19.4-22.3 
0 
0 

26.0-29.7 
26.0-29.7 

0 

0 

19.4-29.7 

-21^5 ~- 



26.0-29.7 
0 
0 

19.4-29.7 
20-5-22.3 
19.4-29.7 
26.0-29.7 
26.0 

19,4-26.0 
19.4-24.8 



8.9-11.9 
8.5-11,1 
8.5-12.7 
8.5-11.1 
7-0-12.7 
8.5-11.1 

7.4- 11.1 

8.5- 11.1 
0 

8.9-12.7 
8.5-12.7 

7.4- 10.6 
8.5 

9.5 

0 

0 

9.5 

8.5- 12.7 
0 

-8;5-l-2.7--- 
11.1-12.7 
10.6-12.7 
10.6-12.7 
8.5-12.7 
8.5-12.7 
0 

8.5-12.7 
8.5-12.7 

7.8-11.1 
8.5-11.1 



8.5-13.3 

7.8- 12-1 
8-9-13.3 

8.9- 12.1 

7.4- 12.1 

8.5- 9.9 

7.4- 9.9 
7.8-13.3 
9.9 

8.5- 13.3 

7.8- 12.2 
7-4-8.5 
0 

8.5-8.9 

9.9- 14.7 
9.9-14.7 
8.5-12.2 

7.8- 13.2 

8.9- 10.8 
-7.8-13.2- 

8.9-13.2 
8.5-9.9 
9.3-14.7 
7.8-13.2 

7.8- 13.2 

8.9- 10.8 
8.5-13.2 
7.8-13.2 



0 
0 
0 
0 

9.5-12.7 
9.5-11.4 
9.5-11.4 
9.5-11.4 
12.7-14.5 
0 
0 

9.5-10.9 

0 

0 

12.7-14.5 
12.7-14.5 

0 

0 

9.5-14.5 

40,-5 

12.7-14.5 
0 
0 

9.5-14,5 



10.0- 
9.5- 
12.7- 
12.7 



10-9 
14.5 
14.5 



7.4- 
7.4- 



10.8 
10.9 



9.5-12.7 
9.5-12.1 



• Note: See end of Table 3.4 for monomer identification (page VII-550). 



3.4 Solubility Parameter Ranges of Commercial Polymers VII/ 545 



5 in [(MPa)*'^] 5 in [(cal W)'^^] 

Solvent Hydrogen Bonding Solvent Hydrogen Bonding 

'^'''y"'^'^ Poor Moderate Strong Poor Moderate Strong 



ALKYD RESINS 



40% Adipic, glycerol phthalate 

45% Linseed, glycerol phthalate 

28% Soy, glycerol phthalate 

30% Soy, glycerol phthalate 

45% Soy, glycerol phthalate 

38% Soy-DHC. glycerol oil modified alkyd 

45% Soy, pentaerythritol phthalate 

Methacrylated DHC, PE alkyd 

Peiargonic alkyd 

PE Phthalate benzoate 

PE Tri-(p-tert)-butyl benzoate mono acid phthalate 
PE p-tert-butyl benzoate phthalate 
Restiroid 3030, 60% (SIR) 

in 50% solutions 

in 1% solutions 
Restoroid 3751, 50% (SIR) 

in 50% solutions 

in 1% solutions 
Siralkid 2240, 100% (SIR) 

in 50% solutions 

in 1% solutions 
Siralkid 2256, 100% (SIR) 

in 50% solutions 

in 1% solutions 
Siralkid 2287 /AV, 100% (SIR) 

in 50% solutions 

in 1% solutions 
Siralkid 2550, 100% (SIR) 

in 50% solutions 

in 1% solutions 
Siralkid 2669, 100% (SIR) 

in 50% solutions 

in 1% solutions 



Beckamine P-196 (urea-formaldehyde) 
Beetle 227-8 (urea-formaldehyde) 
Cyzak 1006 (melamine-formaldehyde) 
_CyzakU007-.-(melamine-formaldehyde)_- 



Cyzak 1013 (melamine-formaldehydej 
Cyzak 1026 (melamine-formaldehyde) 
Hexa (methoxy methyl) melamine 
Resimene 888 (melamine-formaldehyde) 
Siramin 4147, 67% (SIR) 
in 50% solutions 
in 1% solutions 
Siramin 6150, 60% (SIR) 
in 50% solutions 
in 1% solutions 
Versalon 1112 dimer acid-poly amine 
Versalon 1175 

Versamid 100 dimer acid-polyamine 
Versa mid 115 
Versamid 930 
Versamid 940 

Uformite MX-61 (benzoguamine-formaldehyde) 



22.7-26.0 

14.3- 24,3 

17.4- 22.7 
17.4-26.0 

14.3- 22.7 

17.4- 22.7 

14.3- 22.7 

17.4- 22.1 
17.4-22.1 
19.4-26.0 
17.4-26.0 
17.4-22.7 

16.0-22.7 
17.4-22.7 

17.4-22.7 
17.4-22.7 



16.8- 
17.4- 



•21.7 
■21.7 



14.3-22.7 
16.0-22.7 



16.0- 
16.8- 



22.7 
21.7 



15.1-22.7 
17.4-22.7 

14.3-22.7 
14.3-21.7 



18.2-22.7 
0 

17.4-22.7 



17.4-22.7 
0 

17.4-24.1 
17.4-21.7 

15.1-23.3 
17.4-22.7 

14.3-26.0 

14.3- 21.7 
0 

0 

17.4- 21.7 
17.4-21.7 

0 
0 

17.4-22.7 



20.3-30.1 


26.0-29.7 


11.1-12.7 


9.9-14.7 


12,7-14.5 


IS 1-79 1 




7.0-11.9 


7.4-10.8 


9.5-11.9 


17.4-27-0 


0 


8.5-lLl 


8.5-13.2 


0 


17.4-30.1 


0 


8.5-12.7 


8,5-14.7 


0 


1 J. 1— Zi. 1 


iy.4-z4.j 


7.0-11.1 


7.4-10.8 


9.5-11.9 


16.0-24.8 


20.5-23.3 


8.5-n.I 


7.8-12.1 


10.0-11.4 


15.1-22.1 


19.4-24.3 


7.0-11.1 


7.4-10.8 


9.5-11.9 


17 4—97 n 

1 / .H— i / .U 


u 


8.5-11.1 


8.5-13.2 


0 


16.0-24.8 


0 


8.5-11.1 


7.8-12.1 


0 


17.4-30.1 


0 


9.5-12.7 


8.5-14.7 


0 


1 S 1 90 


iy.4-23.3 


8.5-12.7 


7.4-9.9 


9.5-11.4 


16.0-27.2 


20.5-22.3 


8.5-11.1 


7.8-13.3 


10.0-10.9 


1 S 1-90 T 


A 
U 


7.8-11.1 


7.4-9.9 


0 


16.0-20.3 


0 


8.5-11.1 


7.8-9.9 


0 


15.1-22.1 


21.5-23.3 


8.5-11.1 


7.4-10.8 


10.5-1.4 


16.0-20.3 


0 


8.5-11.1 


7 Q 
/ .0—7.7 


n 
u 


19.0 


0 


8.2-10.6 


9.3 


0 


0 


0 


8.5-10.6 


0 


0 


15.1-20.3 


19.4-22.3 


7.0-11.1 


7.4-9.9 


9.5-10.9 


16.0-20.3 


0 


7.8-11.1 


7.8-9.9 


0 


18.2-20.3 


19.4-22.3 


7.8-11.1 


8.9-9.9 


9.5-10.9 


18.2-20.3 


21.5 


S 9 IDA 


Q Q on 

cs.y-y.y 


10.5 


15.1-20.3 


19.4-22.3 


7.4-11.1 


7.4-9.9 


9.5-10-9 


16.0-20.3 


0 


S S 111 

O.J— 11. 1 


/.is— y.y 


0 


15.1-20.3 


19.4-24.3 


7.0-11.1 


7.4-9.9 


9.5-11.9 


15.1-20.3 


19.4-22.3 


7.0-10.6 


7.4-9.9 


9.5-10.9 


RESINS 










17 4 ?9 1 


iy.4-io.U 


8.9-11.1 


8.5-10.8 


9.5-12,7 


n 
u 


1 0 1 T2 "3 

iO.Z-iJ.J 


0 


0 


8.9-11.4 


16.0-27.2 


91 ^ 99 1 


O C 111 

0.5-11.1 


7.8-13.3 


10. 5-10. 9 


-17.4-27.2 




875- Hrl 


-8:5-^1-373 


~-0 ~ 


16.0-24.8 


0 


8.5-11.1 


7.8-12.1 


0 


18.2-27.0 


0 


0 


8.9-13.2 


0 


17.4-30.1 


19.4-33.8 


8.5-11.8 


8.5-14.7 


9.5-16.5 


15.1-24.8 


19.4-26.0 


8.5-10,6 


7.4-12.1 


9.5-12.7 


15.1-22.1 


18.6-29.7 


7.4-11.4 


7.4-10.8 


9.1-14.5 


15.1-22.1 


19.4-26.0 


8.5-11.4 


7.4-10.8 


9.5-12.7 


15.1-27.2 


18.6-29.7 


7.0-12.7 


7.4-13.3 


9.1-14.5 


16.0-22.1 


19.4-29.7 


7.0-10.6 


7.8-10.8 


9.5-14.5 


0 


19.4-23.3 


0 


0 


9.5-11.4 


0 


19.4-23.3 


0 


0 


9.5-11.4 


17.4-18.2 


19.4-23.3 


8.5-10.6 


8.5-8.9 


9.5-11.4 


16.0-20.3 


19.4-26.0 


8.5-10.6 


7.8-9.9 


9.5-12.7 


0 


19.4-23.3 


0 


0 


9.5-11.4 


0 


19.4-23.3 


0 


0 


9.5-11,4 


15.1-22.7 


19.4-22.7 


8.5-11.1 


7.4-11.1 


9.5-11.1 



VII /546 SOLUBILITY PARAMETER VALUES 



SinKMPa)'") fi in I(cal W)'"] 

Solvent Hydrogen Bonding Solvent Hydrogen Bonding 

Poor Moderate StroiiT" Poor Moderate 



Alcohol soluble butyrate 
Cellulose acetate. LL-1 
Cellulose Acetate-butyraie 
Cellulose butyrate, 0.5 sec 
Cyanoethyl cellulose 
Ethyl cellulose, K-200 
Ethyl cellulose. N-22 
Ethyl cellulose, T-10 
Ethyl hydroxyethyl cellulose 
Nitrocellulose. RS. 25 cps 
Nitrocellulose, SS. 0.5 sec 



Den 428 
Epon E-72 
Epon 812 
Epon 864 
Epon 1001 
Epon 1004 
Epon 1007 
Epon 1009 

Epon 1004 modified soy ester 
Epon 1004 DHC ester 
Eposir 7120, 100% (SIR) 

in 50% solutions 

in 1% solutions 
Eposir 7161, 100% (SIR) 

in 50% solutions 

in 1% solutions 
Eposir 7170. 100% (SIR) 

in 50% solutions 

in 1% solutions 
Esposir 7180. 100% (SIR) 

in 50% solutions 

in 1% solutions 
Esposir 7190, 100% (SIR) 

in 50% solutions 

in 1% solutions 
Epoester 7842. 100% (SIR) 

in 50% solutions 

in 1% solutions 



CELLULOSE DERIVATIVES 
24.1 

22.7-26.0 
22.7-26.0 
22.7-26.0 
22.7-26.0 
0 

16.6-22.7 
17.4-19.4 

16.6- 21.3 

22.7- 26.0 
22.7-26.0 

EPOXY RESINS (EPICHLOROHYDRIN-BISPHENOL A) 



17.4-27.0 


23.3- 


-29.7 


11.8 




8.5- 


-13.2 


11.4- 


-14.5 


20.3-30.1 


0 




11.1 


-12.7 


9.9- 


-14.7 


0 


17.4-30.1 


26.0- 


-29.7 


11.1 


-12.7 


8.5- 


-14.7 


12.7- 


-14.5 


17.4-30.1 


26.0- 


-29.7 


11. 1 


-12.7 


8.5- 


-14.7 


12.7- 


-14.5 


25.0-30.1 


0 




11.1 


-12.7 


12.2- 


-14.7 


0 




17.4-22.1 


19.4- 


-23.3 


0 




8.5- 


-10.8 


9.5- 


-11.4 


15.1-22.1 


19.4- 


-29.7 


8.1- 


-11.1 


7,4- 


-10.8 


9.5- 


14.5 


16.0-20.1 


19.4- 


-23.3 


8.5- 


-9.5 


7.8- 


-9.8 


9.5- 


11.4 


16.4-21.3 


0 




8.1- 


-10.4 


8.0- 


-10.4 


0 




16.0-30.1 


29.7 




11.1- 


-12.7 


7.8- 


-14.7 


14.5 




16.0-30.1 


26.0- 


-29.7 


11.1- 


-12.7 


7.8- 


-14.7 


12.7- 


14.5 



18.2 


18.2-26.0 


0 




8.9 


17.4-21,7 


15.1-20.3 


19.4- 


-23.3 


8.5-10.6 


18.2-26.0 


16.0-30.1 


20.5- 


-29.7 


8.9-12.7 


19.4-26.0 


17.4-30.1 


0 




9.5-12.7 


21.7-22,7 


17.4-27.2 


0 




10.6-11.1 


0 


17.4-27.2 


0 




0 


0 


17.4-27.2 


0 




0 


0 


17,4-20.3 


0 




0 


17.4-22.7 


16.0-20.3 


0 




8.5-11.1 


17.4-22.7 


16.0-20.3 


0 




8.5-11.1 


17.4-26.0 


15.1-30.1 


0 




8.5-12.7 


19.4-22.7 


17.4-27.2 


0 




9.5-11.1 


18.2-22.7 


17.4-30.1 


0 




8.9-11.1 


21.7 


18.2-27.2 


0 




10.6 


20.5-22.7 


17.4-30.1 


0 




10.0-11.1 


0 


17.4-27.2 


0 




0 


21.7 


17.4-27.2 


0 




10.6 


0 


18.2-22.1 


0 




0 


0 


17.4-27.2 


0 




0 


0 


18.2-22.1 


0 




0 


17.4-22.7 


15.1-22.1 


21,5 




8.5-11.1 


17.4-21.7 


16.0-20.3 


0 




8,5-10.6 



8.9-12.7 

7.4- 9.9 
7.8-14.7 

8.5- 14.7 
8.5-13.3 
8.5-13.3 
8.5-13.3 
8.5-9.9 
7.8-9.9 

7.8- 9.9 

7.4- 14.7 

8.5- 13,3 

8.5-14.7 

8.9- 13.0 

8.5-14.7 
8.5-13.3 

8.5-13.3 
8.9-10.8 

8.5-13.3 
8.9-10.8 

7.4-10.8 
7.8-9.9 



0 

9.5-11.4 
10.0-14.5 
0 
0 
0 
0 
0 
0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

10.5 
0 



HYDROCARBON RESINS 



~Alpe>r(cycli2Fd^Bl5ef) 
Gilsonite Brilliant Black 
Gilsonite Selects 
Hydroxyethyiated Nebony 100 
Hydroxylated Nebony 100 
Nebony 100 

90% Nebony 100/10% paraformaldehyde 
50% Nebony 100/50% rosin 
Nevchem icifj 
Nevchem 140 
Nevex 100 
Nevillac 10^ 
Nevillac hard 
Neviilac soft 



r5.i-2i7r 

16.0-21.7 
16.0-19.4 
17.4-21.7 
17.4-21.7 
17.4-21,7 
17.4-21.7 
16.0-22.7 
14.9-21.9 
14.9-22.7 
13.7-22.7 
13.7-26.0 
15.6-26.0 
15.6-26.0 



16.0 


0 


7.4-10.6 


7.8 


0 




16.0-17.4 


0 


7.8-10.6 


7.8-8.5 


0 




16.0-17.4 


19.4 


7.8-9.5 


7.8-8.5 


9.5 




19.0-20.3 


0 


8.5-10.6 


9.3-9.9 


0 




19.0 


0 


8.5-10.6 


9.3 


0 




16.0-20,3 


0 


8.5-10.6 


7.8-9.9 


0 




15.1-20.3 


0 


8.5-10,6 


7.4-9.9 


0 




15.1-20.3 


19.4-23.3 


7.8-11.1 


7.4-9.9 


9.5- 


-11.4 


15.1-20.3 


0 


7.3-10.7 


7.4-9.9 


0 




15.1-21.9 


0 


7.3-11.1 


7.4-10.7 


0 




15.1-21.9 


0 


6.7-11.1 


7.4-10,7 


0 




15.1-31.7 


18.6-29.7 


6.7-12.7 


7.4-15.5 


9.1- 


14.5 


15.1-31.7 


18.6-29.7 


7.6-12.7 


7.4-15.5 


9.1- 


14.5 


15.1-31.7 


18.6-29.7 


7.6-12.7 


7.4-15.5 


9.1- 


14.5 



3.4 Solubility Parameter Ranges of Commercial Polymers VII/ 547 



Polymer 



6 in [(MPa)"'] 
Solvent Hydrogen Bonding 



S tn [(cal/cm')'"l 
Solvent Hydrogen Bonding 



Poor 


Moderate 


Strong 


Poor 


Moderate 


Strong 


15.1-21.7 


19.0-20.3 


0 


7.4-10.6 


9.3-9.9 


0 


16.0-22.7 


15.1-21.9 


0 


7.8-11.1 


7.4-10.7 


0 


15.6-21.7 


15.1-21.9 


0 


7.6-10.6 


7.4-10.7 


0 


13.7-26.0 


15.1-24.3 


19.4-22.9 


6.7-12.7 


7.4-11.9 


9-5-11.2 


13.7-21.7 


15.1-17.8 


0 


6.7-10-6 


7.4-8-7 


0 


17.4-21.7 


0 


0 


8.5-10.6 


0 


0 


17.4-18.2 


0 


0 


8.5-8.9 


0 


0 


17.4-21.7 


0 


0 


8.5-10.6 


0 


0 


19.4-21,7 


0 


0 


9.5-10.6 


0 


0 



Neville LS685 (cumaarone type) 

Nevindene R-l 

Nevindene R-7 

Nevinol A 

Nevpene 

Panarez 3-210 

Petrolatum 125 HMP 

Pliolite NR (cyclized rubber) 

Pliolite P-1230 



PHENOLIC RESINS 



Amberol F-7 (rosin modified) 
Amberol M-82 (rosin modified) 
Bakelite BKR-2620 
Bakelite CKR-2400 
Bakelite CKR-5254 
Bakelite CKR-5360 
Durez 220 (terpene modified) 
Durez 550 

Methylon 75202 (allyl phenol) 
Sirfen S 1248, 49% (SIR) 

in 50% solutions 

in 1% solutions 
Sirfen S 1828, 60% (SIR) 

in 50% solutions 

in 1% solutions 
Sirfen S 4551, 59% (SIR) 

in 50% solutions 

in 1% solutions 
Sirfen F 2620, 41% (SIR) 

in 50% solutions 

in 1% solutions 
Sirfen O 1100, 100% (SIR) 

in 50% solutions 

in 1% solutions 
Sirfenol 5112, 100% (SIR) 

in 50% solutions 

in 1% solutions 
Sirfenol 5470, 100% (SIR) 

in 50% solutions 

in 1% solutions 



17.4-21.7 

15.1- 20.7 

n 
u 

18.2- 24.3 
17.4-20.5 
17.4-22.7 
17.4-21.7 

14.3- 24.3 
0 


16-0-20.1 

15.1- 20.3 

17.2- 30.1 
16.0-27.2 
16.0-27-2 
16.0-27.2 

16.0- 20.1 

15.1- 20.1 

18.2- 24.8 


19.4-22.1 
19.4-22.3 
19.4-29.7 
19.4-29.7 
19.4-22.1 
19.4-23.3 
19.4-23.3 
19.4-29.7 
0 


8.5-10.6 

7.4- 10.1 
0 

8.9-11.9 

8.5- 10.0 
8.5-11.1 
8.5-10.6 
7.0-11.9 
0 


7.8-9.8 

7.4-9.9 

8.4-14.7 

7.8-13-3 

7.8-13.3 

7.8-13.3 

7.8- 9.8 
7.4-9.8 

8.9- 12.1 


9.5-10.8 
9.5-10.9 
9.5-14.5 
9.5-14.5 
9.5-10.8 
9.5-11.4 
9.5-11.4 
9.5-14.5 
0 


24.1-26.0 
0 


20.3-30.1 
15.1-30.1 


22.3-29.7 
22.3-29.7 


11.8-12.7 
0 


9.9-14.7 
9.9-14.7 


10.9-14.5 
10.9-14.5 


18.2-26.0 
24.1 


15.1-30.1 
17.4-30.1 


22.3- 29.7 

19.4- 29.7 


8.9-12.7 
11.8 


7.4- 14.7 

8.5- 14.7 


10.9-14.5 
9.5-14.5 


18.2-26.0 
0 


15.1-30.1 
16.0-30.1 


19.4-29.7 
19.4-26.0 


8-9-12.7 
0 


7.4-14.7 
7.8-14.7 


9.5-14.5 
9.5-12.7 


0 
0 


22.1 
22.1 


29.7-47.9 
29.7-47-9 


0 
0 


10.8 
10.8 


14.5-23-4 
14.5-23.4 


22.7-26.0 
0 


15.1-30.1 
16.0-30.1 


19.4-29.7 
19.4-29.7 


11-1-12.7 
0 


7.4-14.7 
7.8-14.7 


9.5-14.5 
9.5-14.5 


15.1-21.7 
16.0-21.7 


15.1-20.3 
15.1-20-3 


19.4-23.3 
19.4-21-5 


7.4-10.6 
7.8-10.6 


7.4-9.9 
7.4-9.9 


9.5-11.4 
9.5-10.5 


17.4-21.7 
17.4-20.5 


18.2-20.3 
18.2-20.3 


20.9-23.3 
20.9-22.3 


8.5-10.6 
8.5-10.0 


8.9-9.9 
8.9-9.9 


10.2-11.4 
10.2-10-9 



POLY(ESTERS) 



Acid DEC maleate-phthalate 
CafbdxylTeTfhinareU DEG phthalateisophthalate 
Cryplex resin 1473-5 
Diethylene glycol isophthalate 
Diethylene glycol phthalate 
Dipropylene glycol phthalate 
Dow X-2635 adipate-terephthalate 
Dow X-2635 maleate 

Hydrogenated bisphenol A fumarate-iosphthalate 
Hydrogenated bisphenol A-PG fumarate-isophthalate 
PE benzoate-maleate 
Siral 5849 100% (SIR) 
in 50% solutions 
in 1% solutions 
Soluble mylars (PET) 49000 
49001 
49002 



22.7-26.0 


15-1-30.1 


19.4- 


-29.7 


11.1-12.7 


7.4-14.7 


"22.7-2670 ~ 


■"17.8-30.1" 






11.1-12.7 


877-14.7 


18.2-22.7 


17.4-27.0 


0 




8.9-11.1 


8.5-13.2 


21.7-26.0 


25.0-30-1 


0 




10.6-12.7 


12.2-14.7 


22.7-26.0 


20.3-30.1 


0 




11.1-12.7 


9.9-14.7 


19.4-26.4 


17.4-30.1 


0 




9.5-12.9 


8.5-14.7 


19.4-26.0 


17.4-27.0 


0 




9.5-12.7 


8-5-13.2 


0 


8.22-20.3 


0 




0 


4.0-9.9 


0 


16.0-20.3 


0 




0 


7.8-9.9 


18.2-22.7 


17.4-20.3 


0 




8.9-11.1 


8.5-9.9 


22.7 


17.4-30.1 


0 




11.1 


8.5-14.7 


16.8-21.7 


15.1-20.3 


19.4- 


■21.5 


8.2-10.6 


7.4-9.9 


17.4-21.7 


16-0-20.3 


19.4 




8.5-10.6 


7.8-9.9 


21.7-22.7 


21.7-22.7 


0 




10.6-11.1 


10.6-11.1 


18.2-21.7 


19.0-20.3 


0 




8.9-10.6 


9.3-9.9 


19.4-21.7 


19.0-20.3 


0 




9.5-10.6 


9.3-9.9 



J.5-U^ 

o~ ' 

0 
0 
0 
0 
0 
0 
0 
0 
0 



9.5- 

9.5 

0 

0 

0 



10.5 
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VII/ 548 SOLUBILITY PARAMETER VALUES 



6 in [(MPa)"M 6 in [(cal/cm')"'] 

Solvent Hydrogen Bonding Solvent Hydrogen Bonding 

Polymer Poor Moderate Strong Poor Moderate Strong 



TEG-EG maleate-terephthalate 


21.7-24.1 


17.4-29.1 


0 


10.6-11,8 


8.5-14.2 


0 


Triethylene glycol maleate 


22.7-26.0 


20.3-27.0 


0 


11.1-12-7 


9.9-13.2 


0 


Varez 123 


22.7-24.1 


17.4-27,0 


19.4-26.0 


11-1-11.8 


8.5-13.2 


9.5-12.7 


Vitel PE 100-X linear polyester 


22.7 


20.3 


0 


11-1 


9.9 


0 


Vitel PE 101 -X 


19.4-21.7 


20.3-22,1 


A 
U 


9.5-10.6 


9.9-10.8 


U 




POLY(AMIDES) 










Nylon, Type 8 


0 


0 


24.3-29.7 


0 


0 


11.9-14.5 


Versalon 1112 (dimer acid-polyamine) 


0 


0 


19.4-23.3 


0 


0 


9-5-11.4 


Versalon 1175 


0 


0 


19.4-23.3 


0 


0 


9.5-11.4 


Versamid 100 


17.4-21.7 


17.4-18.2 


19.4-23.3 


8.5-10.6 


8.5-8.9 


9.5-11.4 


Versamid 115 


17.4-21.7 


16-0-20.3 


19.4-26.0 


8.5-10.6 


7.8-9.9 


9,5-12.7 


Versamid 900 


0 


0 


0 


0 


0 


0 


Versamid 930 


0 


0 


19.4-23.3 


0 


0 


9-5-11.4 


Versamid 940 


0 


0 


19-4-23-3 


0 


0 


9-5-11.4 




ROSIN DERIVATIVES 










Ahalvn fmpthvl ahiftatp^ 
r\\Jaiyn ^iiidiiyi aL'it't.ciivy 


14.3-22.7 


15.1-22.1 


20.5-26.0 


7.0-11.1 


7.4-10.8 


10.0-12.7 


Ahitnl ^^hvHrnahiPtvl alcohol"^ 


14.3-21.9 


15.1-22.1 


20.5-29.7 


7,0-10.7 


7,4-10.8 


10-0-14.5 




19.4 


17.4-22.1 


19.4-26.0 


9.5 


8-5-10.8 


9-5-12-7 


Amberol F-7 (phenol-formaldehyde modified rosin) 


17.4-21.7 


16.0-20.1 


19.4-22.3 


8.5-10.6 


7.8-9.8 


9,5-10-9 


Amherol 7'SO 


0 


18.2-22.1 


19.4-26-0 


0 


8.9-10.8 


9.5-12.7 




17,4-22.7 


15.1-20.3 


0 


8.5-11,1 


7.9-9.9 


0 




0 


16.0-27.2 


19.4-29.7 


0 


7-8-13.3 


9-5-14.5 




19.4 


17.4-22.1 


19.4-29.7 


9.5 


8.5-10.8 


9.5-14.5 




14.3-22.7 


15.1-20.3 


20.5-24.3 


7,0-11.1 


7-4-9.9 


10-0-11-9 


Cellolvn 9S-80T 


14.3-22.7 


15.1-20.3 


20-5-24.3 


7,0-11.1 


7.4-9.9 


10.0-11-9 


Cellolvn 102 


16.0-20.5 


17.4-22.1 


20.5-24.3 


7.8-10.0 


8.5-10.8 


10.0-11.9 


rpllnlvn 104 


16.0-20.5 


16,0-22.1 


20.5-23.3 


7.8-10.0 


7.8-10.8 


10-0-11.4 


Cellolvn S0'?-60X 


17.4-22.7 


15.1-20.3 


20.5-24.3 


8.5-11.1 


7.4-9-9 


10-0-11.9 


Cellolyn 582-60X 


16.0-22.7 


15.1-20.3 


20.5-24.3 


7.8-11.1 


7,4-9,9 


10-0-11-9 


Dymerex (dimerized rosin) 


15.1-21.7 


16.0-20.3 


19.4-23.3 


7.4-10.6 


7.8-9.9 


9-5-11-4 


Ester Gum (glycerol rosin ester) 


14.3-21.7 


15.1-22.1 


19.4-22.3 


7.0-10.6 


7.4-10.8 


9.5-10.9 


l7% Fumarated rosin 




ID. 1— Z/.Z 


19.4-29.7 


8.5-10.6 


7-4-13.3 


9-5-14.5 


22% Fumarated rosin 


18.2-21.7 


15.1-27.2 


19.4-29.7 


8.9-10.6 


7.4-13.3 


9.5-14.5 


GHdden B952 


19.4-21.7 


15.1-22.1 


19.4-26,0 


9.5-10,6 


7.4-10.8 


9.5-12.7 


Glidden VBR757 


0 


17.4-22.1 


19.4-29.7 


0 


8.5-10.8 


9.5-14.5 


Hercolvn D (methyl hydroabietate) 


14.3-24.1 


15,1-22,1 


20.5-26.0 


7.0-11.8 


7.4-10.8 


10.0-12.7 


Lewisol 28 (maleic modified) 


16.0-20.5 


15.1-20.3 


20.5-21.7 


7.8-10.0 


7.4-9.9 


10.0-10.6 


Neolyn 23 


17.4-22.7 


17.4-27.2 


0 


8.5-11.1 


8.5-13.3 


0 


Neolvn 40 


18-2-26.0 


17.4-27.2 


20-5-26.0 


8.9-12.7 


8.5-13.3 


10.0-12.7 


Newport \-40 (a-pinene resin) 


17,4-22.7 


15.1-24.8 


19.4-29.7 


8.5-11.1 


7-4-12.1 


9.5-14.5 


Pentalvn A (pentaerythritol ester of rosin) 


17.4-21.7 


15.1-20.3 


19.4-23.3 


8.5-10.6 


7.4-9.9 


9.5-11.4 


Pentah'n C (pentaerythritol ester of rosin) 


15.1-21.9 


15.1-20.3 


20.5-23-3 


7.4-10.7 


7.4-9.9 


10.0-11.4 


Pentalvn G (pentaerythritol ester of rosin) 


17.4-21.7 


16,0-20.3 


19.4-22.3 


8.5-10.6 


7.8-9.9 


9-5-10.9 


Pentfllvn H { nentaervthritol ester of rosinl 


14.3-21.9 


15.1-20.3 


20.5-23-3 


7.0-10.7 


7.4-9.9 


10.0-11.4 


— Pent^lyn- K- (pentaerythritol ester- of rosin) — — - - 


-„_17.4-21.7„ 


_ _16.0r:20,3— - 


..__.19,,4^23,3 


. 8,5^10.6^^ 


„ ^7.8^-9-9 _ _ 


„ ^-5^11.4^ 


Pentalvn X (pentaervthritol ester of rosin) 


16.0-20.5 


15.1-20.3 


20.5 


7.8-10.0 


7.4-9.9 


10.0 


Pentalvn B25 (pentaerythritol ester of rosin) 


17.4-22.7 


15-1-20.3 


20.5-24.3 


8.5-11.1 


7.4-9-9 


10-0-11.9 


Pentalvn 255 (pentaerythritol ester of rosin) 


18.2-20.5 


15-1-22.1 


20.5-29.7 


8.9-10.0 


7.4-10.8 


10.0-14.5 


Pentalyn 802A (pentaerythritol ester of rosin) 


16.0-20.5 


15-1-20.3 


0 


7.8-10.0 


7.4-9,9 


0 


Pentalvn 830 (pentaerythritol ester of rosin) 


17.4-19.4 


16.0-22.1 


19.4-23.3 


8-5-9.5 


7.8-10.8 


9.5-11.4 


Pentalyn 833 (pentaerythritol ester of rosin) 


17.4-21.9 


15.1-20.3 


22.3 


8.5-10.7 


7.4-9.9 


10.0 


Pentalyn 856 (pentaerythritol ester of rosin) 


17.4-22.7 


15.1-22.1 


19.4-23.3 


8.5-11.1 


7.4-10.8 


9.5-11.4 


Pentalyn 954 (pentaerythritol ester of rosin) 


16.0-21.9 


15.1-20.3 


0 


7.8-10.7 


7.4-9.9 


0 


Petrex 7-75T 


18.2-26.0 


17.4-27.2 


23.3-29.7 


8.9-12.7 


8.5-13.3 


11.4-14.5 


Petrex 130H 


16.0-22.7 


15.1-16.2 


20.5-24.3 


7.8-11.1 


7.4-7.9 


10.0-11.9 


Poly-pale ester 1 


16.2-21.9 


15.1-20.3 


20.5-23.3 


7.0-10.7 


7.4-9.9 


10.0-11.4 


Poly-pale ester 10 


14.3-22.7 


15.1-20.3 


20.5-24.3 


7,0-11.1 


7.4-9.9 


10.0-11.9 


Staybelite ester 5 (glycerol ester hydrogenated rosin) 


14.3-21.9 


15.1-20.3 


20.5-24.3 


7.0-10.7 


7.4-9.9 


10.0-11.9 


Staybelite ester 10 (glycerol ester hydrogenated rosin) 


14.3-21.9 


15.1-20.3 


20.5-24.3 


7.0-10.7 


7.4-9.9 


10.0-11.9 


Vinsol (oxygenated rosin) 


21.7-29.3 


16.0-27.2 


19.4-26.0 


10.6-11,9 


7.8-13.3 


9.5-12.7 



3.4 Solubility Parameter Ranges of Commercial Polymers VII /549 



d in [(MPa)'''] 
Solvent Hydrogen Bonding 



Polymer 



Poor 



Moderate 



Strong 



WW Gum rosin 
Wood Rosin M grade 



17.4-22.7 
15.1-21.7 



15.1-22.1 
15.1-22.1 



19.4-23.3 
19.4-29.7 



POLYCSTYRENE) AND COPOLYMERS 



Amoco 18-290 

Bakelite's RMD4511 (S/An) 

Buton 100 (S/B) 

Buton 300 (S/B) 

Koppers KTPL-A (poly(styrene)) 

Lustrex "High Test 88" (rubber-modified polystyrene) 

Lytron 810 

Lytron 820 

Marbon 9200 (S/B) 

Parapol S-50 

Parapol S-60 

Piccoflex 120 

Shell X-450 

SMA 1430A 

85% Styrene/15% acrylamide 
85% Styrene/15% acrylonitrile 
85% Styrene/15% butenoi 
82% Styrene/18% cyclol 

81% Styrene/11% 2-ethyl hexyl acrylate/8% acrylic acid 

90% Styrene/10% methacrylic acid 

85% Styrene/15% methyl acrylate 

60% Styrene/40% methyl half ester of maleic acid 

57% Styrene/43% propyl half ester of maleic acid 

85% Styrene/15% vinyl butyl ether 

Styron 440M-27 (modified polystyrene) 

Styron 475M-27 

Styron 480-27 



17.4-21.7 
21.7-22.7 

14.3- 21.7 

17.4- 21.7 
16.4-21.7 
17.4-21.7 
24.3 
19.4 

17.4-21.7 

19.4 

19.4 

17.4-22.7 
19.4-21.7 
24.1 
0 

18.2-22.7 
17.4-22.7 
19.4 

18,2-21.7 
19.4-21.7 
17.4-22.7 
0 

18.2-24.1 
17.4-22.7 
17.4-21.7 
17.4-21.7 
19.4-21.7 



17.4-20.3 
19.0 

15.1-20.3 

15.1- 20.3 
16.6-20.3 
19.0 

20.3- 30.1 

18.2- 30.1 
19.0-20.3 
16.0 
16.0 

16.0-20.3 

17.4- 24,8 
17.4-27.0 

0 

19.0-24.8 

16,0-20.3 

17.4-22.1 

16.0-20,3 

17.4-22.1 

16,0-24.8 

17.4-27,0 

17.4-27.0 

16.0-20.3 

19.0 

19.0 

19.0 



5 in [(cal/cm')"'] 
Solvent Hydrogen Bonding 



Poor 



8.5-11.1 
7.4-10.6 



Moderate 



7.4-10.8 
7.4-10.8 



Strong 



9.5-11,4 
9.5-14.5 



0 


O. J— lU.O 


o.-)-y.y 


0 


0 


in 11 1 




0 


0 


ID in A 


7.4-9.9 


0 


19,4-21.5 


S ^ in A 
o. J— lU.O 


7.4-9.9 


9.5- 


0 




8.1-9.9 


0 


0 


o. J— lU.O 


9.3 


0 


0 


1 1 n 


9.9-14.7 


0 


*>? "^-70 7 


0 ^ 


8.9-14.7 


10.9- 


n 

u 


c ^ 1 n £ 
O.O-IU.O 


9,3-9.9 


0 


n 




7.8 


0 


0 




/.o 


0 


0 


8.5-11.1 


7.8-9.9 


0 


19.4-26.0 


9.5-10.6 


8.5-12.1 


9.5- 


19.4-29.7 


11.8 


8.5-13.2 


9.5- 


0 


0 


0 


0 


0 


8-9-11.1 


9.3-12.1 


0 


0 


8.5-11.1 


7.8-9.9 


0 


0 


9.5 


8.5-10,8 


0 


0 


8.9-10.6 


7.8-9.9 


0 


0 


9.5-10.6 


8.5-10.8 


0 


0 


8.5-11.1 


7.8-12.1 


0 


21.5-23.3 


0 


8.5-13.2 


10.5- 


19.4-23.3 


8.9-11.8 


8,5-13.2 


9.5- 


0 


8.5-11.1 


7.8-9.9 


0 


0 


8.5-10.6 


9.3 


0 


0 


8.5-10.6 


9.3 


0 


0 


9.5-10.6 


9.3 


0 



10.5 



14.5 



12.7 



11.4 
11.4 



Acryloid K120N 
DODA 3457 
DODA 6225 
Elvax 150 (PVAc/E) 
Elvax 250 (PVAc/E) 
Elvax EOD 3602-1 
Exon 470 
Exon 471 
Exon 473 

Geon 121 (poly(vinyl chloride)) 
Polycyclol 

Poiy(vinyi butyl ether) 

Poly(vinyl ethyl ether) 

Poly(vinyl formal) (7/70E) 
Poly(vinyl formal) (15/95E) 
Poly(vinyl isobutyl ether) 

Saran F-120 (poly(vinylidene chloride) copolymer) 

Saran F-220 (poly(vinylidene chloride)) 

Shawinigan RS3512 (30% hydrolysed PVAc) 

Shawinigan RS3648 (30% hydrolysed PVAc) 

Sinclair 3840A 

Tedlar (poly(vinyl fluoride)) 

63 VAc/33 EHA/4 MAA 

76 VAc/12 EHA/8 C/4 MAA 

70 VAc/20 EA/10 Cycol 

46 VBE/27 An/27 mAm 

46 VBE/27 MA/27 mAm 

75 Vinylidene chloride /25 acrylic acid 



VINYL POLYMERS 






17.4-26.0 


17.4-27.0 


0 


8.5-12.7 


17.4-19.0 


0 


0 


8.5-9/5 


17.4-19.4 


0 


0 


8.5-9.5 


16.0-21.7 


0 


0 


7.8-10.6 


17.4-19.4 


0 


0 


8.5-9.5 


16.0-21.7 


16.0-17.4 


0 


7.8-10.6 


17.4-22,7 


16.0-20.3 


0 


8,5-11.1 


17.4-22.7 


16.0-24.8 


0 


8.5-11.1 


17.4-22.7 


16.0-20.3 


0 


8.5-11.1 


21.7-22.7 


19.0-20.3 


0 


10.6-11.1 


0 


18.2-22.1 


19.4-29.7 


0 


16.0-21.7 


15.1-20.3 


19.4-23.3 


7.8-10.6 


-14.3-22.7-- 


- 15rl-22rl" 


19.-4-29.7- 


7.0-11.1 


0 


20.3-27.2 


0 


0 


0 


20.3-27.2 


0 


0 


14.3-21.7 


15.1-20.3 


19,4-23.3 


7.0-10.6 


19.4-22.7 


24.8-30.1 


0 


9.5-11.1 


19.4-22.7 


22.1-30.1 


0 


9.5-11.1 


0 


0 


0 


0 


22.7-26.0 


22.1-30.1 


26.0-29.7 


11.1-12.7 


18.2-19.4 


16.4-20,3 


20.5-23.5 


8.9-9.5 


0 


0 


0 


0 


0 


17.4-20.3 


0 


0 


0 


19.0-27.2 


0 


0 


18.2-26.0 


16.0-30.1 


19.4-29.7 


8.9-12.7 


24.1 


18.2-22.1 


0 


11,8 


22.9-26.0 


18.2-28,4 


21.5-29.7 


11.2-12.7 


0 


17.4-25.0 


19.4-29.7 


0 



8-5-13.2 

0 

0 

0 

0 

7.8-8.5 
7.8-9.9 
7.8-12.1 

7.8- 9.9 

9.3- 9.9 

8.9- 10.8 

7.4- 9.9 

~ 7.4-10.8" 
9.9-13.3 
9.9-13.3 

7.4- 9.9 
12.1-14.7 
10.8-14.7 

0 

10.8-14.7 
8.0-9.9 
0 

8.5- 9.9 
9.3-13.3 

7.8- 14.7 

8.9- 10.8 
8.9-13.9 
8.5-12.2 



0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

9.5-14.5 
9.5-11.4 
~ 975-14.5 " 
0 
0 

9.5-11.4 

0 

0 

0 

12.7-14.5 
10.0-11.5 

0 

0 

0 

9.5-14.5 
0 

10.5-14.5 
9.5-14.5 
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VII / 550 SOLUBILITY PARAMETER VALUES 



Polymer 



S in [(MPa)*''] 
Solvent Hydrogen Bonding 



Poor 



Moderate 



Vinylite AYAA (poiy(vinyI acetate)) 
Vinylite VAGH (3% hydrolysed PVAc) 
Vinylite VMCH (VAc/maleic copolymer) 
Vinylite VXCC 

Vinylite VYHH (poIy(vinyl chloride-co-acetate)) 
Vinylite VYLF (po]y(vinyI chloride-co-aceiate)) 
Vinylite XYHL (poIy(vinyl butyral)) 
Vinylite XYSG (poIy(vinyl butyral)) 
Vvset 69 



Acrylamide monomer 

Bakeliie P-47 (sulfone resin) 

Beckolin #27 (modified oil) 

Carbowax 4000 (poly(ethyIene oxide)) 

Chlorinated rubber 

Conoco H-35 

Dammar gum (dewaxed) 

Epocr>l E-11 

Estane X-7 

Hexadecyl monoester of TMA 

Hydrogenated sperm oil WX135 

Hypalon 20 (chlorosulfonated poly(ethylene)) 

Hypabn 30 (chlorosulfonated poly(ethyIene)) 

Ketone resin S588 (poly(butanone-2)) 

Lexan 100 polycarbonate resin 

Lexan 105 polycarbonate resin 

Modaflow 

Petrex (acid-dibasic terpene) 
Resin #510 (fossil coal resin) 

Santolite MHP (p-tolaenesulfonamide-formaldehyde) 

Shell polyaldehyde resin EX39 (poly(acrolein)) 

Shell polyaldehyde resin EX40 (poiy(acrolem)) 

Shellac (pale-paie) 

Silicone DC-23 

Silicone DC- 1107 

Silicone intermediate Z6018 

Sylkyd 50 

Soy oil 

Soy oil. blown 
p-Toluene sulfonamide 



Strong 



5 in [(calW)"'] 
Solvent H ydrogen Bonding 

Poor Moderate Strong 



18.2-26.0 
21.7-22.7 
21.7-22.7 
19.4-22.7 
19.0-22.7 
19.4-22.7 

0 

0 

18.2-19-4 



17.4-30.1 
16.0-20.3 
16.0-24.8 
16.0-27.0 
16.0-27.1 
16.0-27.0 
18.2-22.1 
18.2-22.1 
17.4-20.3 



MISCELLANEOUS 



22.7-26.0 
21.7 

14.3- 22.7 

18.2- 26.0 

17.4- 21.7 

14.3- 22.7 

17.4- 21.7 
26.0 

0 
0 

18.2-21.7 

16.6- 20.1 
17.4-21.7 

21.7- 26.0 
19.4-21.7 
19.4-21.7 
15.1-22.7 
19.4-22.7 

15.1- 21.7 
21.7-26.0 

18.2- 22.7 

18.2- 22.7 
0 

15.1-17.4 

14.3- 19.4 

17.4- 22.7 
14.3-26.0 
14.3-22.7 
14.3-22.7 
24.1 



22.1-30.1 
20.3 

15.1-20.3 
17.4-30.1 

16.0- 22.1 

15.1- 20.3 
16.0-20.3 
20.3 
20.3 

18.2- 27.0 
0 

17.2-18.0 
16.0-17.4 
17.4-27.0 
19.0-20.3 

19.0- 20.3 

15.1- 20.3 
17.4-25.0 
15.1-19.0 
16.0-30.1 
19.0-27.2 

19.0- 27.2 
20.3-22.1 

15.1- 16.0 

19.0- 22.1 

16.2- 25.0 

16.2- 26.4 

15.1- 22.1 
15.1-22.1 

20.3- 30.1 



29.7 
0 
0 
0 
0 
0 

19.4-29.7 
19.4-29.7 
0 



19.4-29.7 
0 

19.4-23.3 
19.4-29.7 
0 

19.4-23.3 
19.4-22.3 
21.5 
0 

19.4-29.7 
0 
0 
0 

19.4-29.7 
0 
0 

19.4-23.3 
0 

19.4 
19.4 

0 

0 

19.4-29.7 
19.4-20.5 

19.4- 23.3 

20.5- 23.3 
19.4-29.7 
19.4-24.3 
19.4-26.0 
26.0-29.7 



8.9-12.7 
10.6-11.1 
10.6-lM 
9.5-11.1 
9.3-11.1 
9.5-11.1 
0 
0 

8.9-9.5 



11.1-12.7 
10.6 

7.0-11.1 
8.9-12.7 
8.5-10.6 

7.0- 11.1 
8.5-10.6 

12.7 
0 
0 

8.9-10.6 

8.1- 9.8 
8.5-10.6 

10.6-12.7 
9.5-10.6 
9.5-10.6 

7.4- 11.1 

9.5- 11.1 
7.4-10.6 

10.6-12.7 
8.9-lM 
8.9-11.1 
0 

7.4- 8.5 
7.0-9.5 

8.5- 11.1 
7.0-12.7 
7.0-11.1 
7.0-11.1 

11.8 



Identification of Monomer Symbols in Table 3.4 



AGE 
Am 
An 
B 

tBAMA 

BMA 

C 

DEC 
DHC 
EA 
E 

EG 

EHA 

EMA 



Ally! glycidyl ether 
Acrylamide 
Acrylonitrile 
Butadiene 

tert-Butylamino methacrylate 
Butyl methacrylate 

Cycle] (bicyclo-2,2-l-hept-5-ene-2-methanoi) 

Diethylene glycol 

Dehydrated castor oil 

Ethyl acrylate 

Ethylene 

Ethylene glycol 

Ethylhexyl acrylate 

Ethyl methacrylate 



MA 

MAA 

mAm 

MMA 

PE 

PET 

PG 

PVAc 

S 

TEG 
TMA 
VAc 
VBE 



8.5-14.7 

7.8-9.9 

7.8-12.1 

7.8-13.2 

7.8-13.3 

7.8- 13.2 

8.9- 10.8 
8.9-10.8 
8.5-9.9 



10.8-14.7 
9.9 

7.4- 9.9 

8.5- 14.7 
7.8-10.8 
7.4-9.9 

7.8- 9.9 
9.9 

9.9 

8.9- 13.2 
0 

8.4- 8.8 
7.8-8,5 

8.5- 13.2 
9.3-9.9 

9.3- 9.9 

7.4- 9,9 

8.5- 12.2 
7.4-9.3 

7.8- 14.7 
9.3-13.3 

9.3- 13.3 

9.9- 10.8 

7.4- 7.8 

9.3- 10.8 
7.9-12.2 
7,9-12.9 

7.4- 10.8 
7.4-10.8 
9.9-14.7 



14.5 
0 
0 
0 
0 
0 

9.5-14.5 
9.5-14.5 
0 



9.5-14.5 
0 

9.5-11.4 
9.5-14.5 
0 

9,5-11.4 
9.5-10.9 
10.5 
0 

9.5-14.5 

0 

0 

0 

9.5-14.5 

0 

0 

9.5 
0 

9.5 
9.5 
0 
0 

9.5-14.5 
9,5-10.0 
9.5-11.4 

10.0-11.4 
9.5-14,5 
9.5-11.9 
9.5-12,7 

12.7-M.5 



Maleic anhydride 
Methacrylic acid 
Methyiol acrylamide 
Methyl methacrylate 
PentaerythritoJ 
Poly(ethylene terephthalate) 
1,2-Propane glycol 
Poly(vinyl acetate) 
Styrene 

Triethylene glycol 
Trimelletic glycol 
Vinyl acetate 
Vinyl butyl ether 



3.5 Single-Value Solubility Parameters of Polymers VII/ 551 



FABLE 3.5 SINGLE-VALUE SOLUBILITY PARAMETERS OF POLYMERS 



Polymer 


5[(MPa)''M 


5[(cal/cm*)"*] 


iTlCillUU 


/ C Refs. 




POLY(DIENES) 








?oIy(butadiene) 


14.65 


7.16 


calc. 


28 




17.19 


8.40 




OO 




17.09 


O.J J 




110 




17.15 


8.38 


chIc. 


1 1 7 




17.2-17.6 


8.4-8.6 


obs. 


1 17 




16.6 


8.1 




118 




17.6 


8.6 




72 




16.2 ± 0.2 


7.9±0.1 


IPGC 


75 70 


(emulsion) 


17 1Q 


0.4U 




79 




17. oU 


8.60 




79 




iO.O 


O 1 
0.1 


calc. 


62 




17 HQ 


0.35 




104 


hydro genated 


iO.D 


O 1 
0.1 


swelling 


75 




Ifi 47 


0.U5 




75 


:^oIy(butadiene-co-acrylonitrile) 


lo.o 


8.1 


av. 


75 


BUNA N (82/18) 


17.90-17.72 


s 7*; c A^ 

o. / J— O.OO 




19 


(80/20) 


18.4 


9.0 


calc. 


66 




19.4 


9.5 


obs. 


66 


BUNA N (72/25) 


18.93 


9.25 


calc. 


25 112 




19.19 


9.38 


obs. 


42 




19.4 


9.5 


obs. 


104 




18.2 


8,9 




118 




iy.4 


9.5 




79 




ZU.ZO-ZU— 11 


9.90-9.83 




19 




10 1Q 

17. 17 






43 




21.1 


10.3 




19 




Ti "JO n oo 
Zl.J5-il.2o 


10.45-10.40 




19 


'oly(butadiene-co-styrene) 


ZU.J ± u.o 


10.0 ± 0.3 


IPGC 


75 70 


BUNA S (94/4) 


16.64-16.45 


0. 1 J— o.u*f 




19 
110 
19 


(90/10) 


17.13 


8.37 




(87.5/12.5) 


16.57-16.39 








16 SS 


c no 

o.uy 




43 




17.6 






104 




17.31 


8.46 




1 12 


(85/15) 


17.19 


8.40 




110 




17.35 


8.48 


calc. 


112 




17.4 


8.5 




i \l 




17,39 


8.50 




79 




17.41 


8.51 


calc. 


66 




17.39 


8.50 


obs. 


66 


(75/25) 


17.50 






104 


17.29 






110 




1 7 J.7 


0.54 


calc. 


112 




„ „ _ „ 


8.09 - 


--obs, (lit) 






16.49 


o.uo 


ODS. v"v 


112 




16.6 


8.1 


118 




17.50 


O.J J 




79 




17.56 


8.58 


calc 


66 




17.50 


8.55 


ODS. 


66 


(71.5/28.5) 


17.60 


8.60 




104 


16.72-16.55 


8.17-8.09 






17.51 


8.56 




112 
110 
110 


(70/30) 


17.35 


8.48 




(60/40) 


17.50 


8.55 






17.70 


8.65 


calc. 


112 




17.74 


8.67 


obs. 


112 




17.74 


8.67 




79 




17.76 


8.68 


calc. 


66 




17.74 


8.67 


obs. 


66 




17.80 


8.70 




104 
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VII/552 SOLUBILITY PARAMETER VALUES 




Poly(butadiene-co-vinylpyridine) (7V25) 
Poly(chloroprene) 



Poly(isoprene) 
1 .4-cis 



19.13 
18.42 
16.59 
19.19 
16.74 
18-93 
17.6 
16.8 
18.8 
16.76 
17.6 
17.74- 
15.18 
18.0 ±0.4 



17.54 



natural rubber 



Gutta percha 
chlorinated 



Poly(ethylene) 



Poly(ethy)ene-co-vinyl acetate) 
Poly(isobutene) 



15.18 

16.64 

16.68 

16.57 

20.46 

16.57 

16.47 

16.57 

16.68 

16.6 

16.4 

16.47 

16.82 

16.68 

16.2 

16.33 

17.09 

16.2 

16.2 

16.6 

16.68 

17.09 

17.0 

16.6 

16.4 

17.09 

16.33 

16.6 

16.49-16.42 

16.6 

19.2 

POLY(ALKENES) 

15.76 
16.6 

-16:0' ~ 

16.2 

17.09 

16.4 

16.2 

16.2 

16.8 

16.2 
17.99 
18.6 ±0.9 
17.0 ±0.4 
14.5 
16.06 
16.0 
16.47 



9.35 
9.00 
8.11 
9.38 
8.18 
9.25 
8.6 
8.2 
9.2 
9.2 
8.19 
8.6 

8.67-8.57 
8.0 ±0.2 

7.42 
8.13 
8.15 
8.10 

10.0 
8.10 

8.05 

8.10 

8.15 

8.1 

8.0 

8.05 

8.22 

8.15 

7.9 

7.98 

8.35 

7.9 

7.9 

8.1 

8.15 

8.35 

8.3 

8.1 

8.0 

8.35 

7.98 

8.1 

8.06-8.12 

8-1 

9.4 



7.70 

7.9 

8.35 

8.0 

7.9 

7.9 

8.2 

7.9 

8.79 

9.1 ±0.4 

8.3 ±0.2 

7.1 

7.85 

7.8 

8.05 



calc. 
calc. 
obs. 
obs. 



swelling 

IPGC 
calc. 



swelling 
av. 

swelling 
swelling 
calc. 
swelling 

av. 

calc. 
obs. 
obs. 
obs. 



25 



75 

25 

25 
35 
35 
35 
35 
35 
35 



25 
25 



calc. 



79 

no 

28 
112 

42 
104 
118 
44 
72 
79 
43 
19 
19 
70 

28 
42 
74 
74 
74 
74 
74 
74 
74 
75 
76 
76 
110 
112 
112 
112 
112 
72 
43 
19 
112 
104 
124 
118 
19,104 
79 
43 
19 
19 
73 
21-24 



„calc. 



calc. 



calc. 

obs. 

caic. 

IPGC 

IPGC 

calc. 

av. 

swelling 
swelling 





110 




- 112 




58 




97 




8 




124 




118 




72 




97 




73 




119 


25 


71 


75 


70 




28 


35 


74 




74 




74 



3.5 Single-V^lue Solubility Parameters of Polymers VII /553 



Polymer 



5[(MPa)"'] 



5[(cal/cm')"''] 



Method 



Refs. 



Poly(isobutene) cont'd 



Poly(isobutene-co-isoprene) butyl rubber 



Poly(methylene) 
Poly(propylene) 



16.25 


/.y4 




1 oc 


15.76 


/. /U 


16.47 


O.U3 


16,4 


o.y) 


16.47 




16.6 


Q 1 


16.0 


7.8 


17.0 


8.3 


16.47 


8.05 


16-47 


8.05 


16.06-15.90 


7.S5-7J7 


16.47 


8.05 


15.76 


7.70 


14.3 


7.0 


18.8 


9.2 


19.2 


9.4 



POLY(ACRYLICS) AND POLY{METH ACRYLICS) 



Poly(acryiic acid) 
— , butyl ester 



ethyl ester 



— , isobomyl ester 
— , methy! ester 



~, propyl ester 
Poly(acrylonitrile) 



25 



calc. 
obs. 



calc. 



extrap. 
calc. 



20 
25 



Poly(a-chloroacrylic acid) methyl ester 
Poly(methacryIic acid) 
— , butyl ester 



isobutyl ester 
sec-butyl ester 
ethoxyethyl ester 

ethyl ester 



18.0 


8.8 




35 


18.01 


Q fin 


av. 




18.52 




swelhng » 




17.4 


fi ^ 

O.J 


calc. 




18.6 


9 1 


swelling 




18.52 


9.05 






19.77 


9.66 


calc. 




19.13 


9.35 






19.2 


9.4 


swelling 




19.8 




calc. 




19.2 


9.4 


swelling 




19.13 






19.19 








18.8 


9.2 


calc. 




20.40 


9.97 


calc. 




16.8 


8.2 


calc. 




20.7 


10.1 


av. 




20.77 


10.15 


swelling 




20.1 


9.8 


calc. 




20.77 


10.15 


swelling 




21.3 


10.4 






20.7 


10.1 


swelling 




18.52 


9.05 




18.42 


9.00 


av. 




18.4 


9.0 


calc. 




25.27 


12.35 


calc. 




25.6 


12.5 






-26.09" - ~ 


12.75 


calc. 


25 ' 


31.5 


15.4 




20.7 


10.1 


calc. 




17.90 


8.75 


swelling 




17.8 


8.7 




18.01 


8.80 


swelling 




17.90 


8.75 






17.0 


8.3 


calc. 




14.7 


7.2 


IPGC 


140 


14.7 


7.2 


IPGC 


140 


14.7 


7.2 


IPGC 


140 


18.4 


9.0 


swelhng 




20.3 


9.9 




18.31 


8.95 


swelling 




18.2 


8.9 




18.6 


9.1 


calc. 





19J04 
110 
112 
112 
58 
104 
21-24 
19 
124 
72 
79 
19 
104 
112 
45 
58 
124 



75 
75 
75 
75 
77 
77 

119 
75 
75 
75 
77 
77 
45 
62 

119 
62 
75 
75 
75 
77 
77 
77 
75 
75 
75 

119 
_^6_ 

112 

118 

112 

77 
77 
77 
77 
73 
31 
31 
31 
77 
77 
77 
77 
73 
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VII /554 SOLUBILITY PARAMETER VALUES 



Polymer 


5[(MPa)*'') 


5[(cal/cni')*''] 


Method 




Refs. 


Poly(niethacrylic acid) confd 












— . n-hexyl esier 


17.6 


8.6 


calc. 




73 


— . isobornyl ester 


16.6 


8.1 






62 


— . lauryl ester 


16.8 


8.2 


calc. 




73 


— , methyl ester 


18.58 


9.08 




25 


19 




18.66-18.52 


9.12-9.05 






19 




19.4 


9.5 


swelling 




77 




19.34 


9.45 






77 




26.27 


12.84 






110 




18.93 


9.25 


calc. 




112 




18.4-19.4 


9.0-9.5 






7 




18.58 


9.08 






118 




19.50 


9.53 


calc. 




119 


— . octyl ester 


17.2 


8.4 


calc. 




73 


— . propyl ester 


18.0 


8.8 


calc. 




73 


— , stearyl ester 


16.0 


7.8 


calc. 




73 


Poly(methacrylonitrile) 


21.0 


10.7 






118 




21.9 


10.7 


calc. 




112 


POLYVINYL HALIDES), POLY(VINYL ALCOHOL), POLY(VINYL ESTER) 






Poly(tetrafluoroethylene) 


12.7 


6.2 


calc. 




112 




12.7 


6.2 






118 


Poly(vinyl acetate) 


19.62 


9.56 


calc. 


25 


28 




19.13 


9.35 




35 


78 




20.93 


10.23 


calc. 




119 




19.2 


9.40 


Small's method 




78 




18.0 


8.80 


lit. 




78 




22.61 


11.05 




25 


110 




19.2 


9.4 


calc. 




112 




1 Q O 


9.4 






118 


Poly(vinyl acetate-co-vinyl alcohol) 


21.94 


10.72 


calc. 




119 


Poly(vinyl alcohol) 


25.78 


12.60 






110 


Poly(vinyl bromide) 










34 




1 Q A 


y.o 


calc. 




112 


Poly(vinyi chjoride) 


1 0 1 Q 1 0 


y.4!)-y.jo 






19 






Q /to 


calc. 




28 




zu.o / 


in lA 






110 




19.54 


9.55 


calc. 




112 




19.8 


9.7 


obs. 




72 




19.2 


9.4 






19 




19.8 


9.7 






21-24 




22.1 


10.8 






58 




20.1 


9.8 






124 




19.50 


9.53 






118 




19.8 


9.7 






72 




20.32 


9.93 


calc. 




119 


Poly(vinyl chloride), chlorinated 


19.0 


9.3 


vise. 


25 


117 


Poly(vinyi chloride-co-vinyl acetate) 












(87/13) 


21.7 


10.6 


calc. 




28 




21.3 


10.4 






21-24 


- (VYHH) - - 


- - 20;42 


9.98-^ 


- "Calc. ~ 




119 


Poly(vinyl chloride-co-viny! acetate-co-maleic acid) 


20.44 


9.99 


calc. 




119 


Poly (vinyl chloride-co-vinyl acetate-co-viny] alcohol) 


20.77 


10.15 


calc. 




119 


Poiy(vinylidene chloride) 


25.0 


12.2 






21-24 


Poly(vinylidene cyanide-co-vinyl acetate) 


22.67 


11.08 


calc. 




128 


Poly(vinyI propionate) 


18.01 


8.80 




35 


78 




18.52 


9.05 


Smairs method 




78 




POLY(STYRENES) 










Poly(styrene) 


17.52 


8.56 






19 




17.58-17.45 


8.59-8.53 






19 




20.16 


9.85 


calc. 




28 




17.86-17.92 


8.73 or 8.76 






48 




17,84,18.56 


8.72 or 9.07 


vise. 




116 




18.6 


9.1 






66 



3.5 Single-Value Solubility Parameters of Polymers VII / 555 



Polymer 



Poly(styrene) cont'd 



Poiy(styrene-co-divinyIben2ene) 

Poiy(styrene-co-n-butyl methacrylate) 
PoIy(styrene-co-iso-butyl methacrylate) 
Poly(a-methylstyrene-co-acrylonitrile) 



Aikyd, medium oil length 
Epoxy resin 

Poly(iminohexamethyleneiminoadipoyl) 
Poly(oxydimethylsily!ene) 



Poly(oxyethylene) 
Poly(oxyethyleneoxyterephthaloyl) 

Poly(oxytrimethylene) Poly(oxetane) 
— , 3,3-dimethyl 
— , 33-diethyl 
Po!y(thioethylene) 



PoIy(thiophenyIethy!ene) 
Poly(urethane) (unknown composition) 



Benzyl cellulose 
Cellulose 

Cellulose acetate (56% ac. groups) 
(48% ac. groups) 
Cellulose diacetate 



5[(MPa)*''l 



5[(cal/cm')"'] 



Method 



1 fi 70 
10. // 


9.15 


IS ft? 


9.10 


IS ft? 
lo.OZ 


9.10 


io.OO 


9.12 


10 no 


9.33 


lo.OO 


9.12 


ifi ft 


9.1 


1 T ft 1 n o 


8.6-9.7 


MA 

1 f A 


8.5 


1 /.O 


8.6 


l0.4 


9.0 




9.42 


71 1 


10.3 




8.56 


17.84 


8.72 


18.6 


9.1 


17.6-17.8 


8.6-8.7 


18.6 


9.1 


15.6 


7.6 


18.6 


9.1 


17.39 


8.50 


15.1 


7.4 


15.1 


7.4 


16.4 


8.0 



OTHER COMPOUNDS 



19.2 


9.4 


22.3 


10.9 


27.8 


13.6 


15.04 


7.35 


14.9 


7,3 


15.45 


7.55 


15.6 


7.6 


14.9 


7.3 


15.59 


7.62 


15.4 


7.5 


20.2 ± 2 


9.9 ± 1 


21.9 


10.7 


21.9 


10.7 


19.2 


9.4 


16.2 


7.9 


16.2 


7.9 


19.23 


9.40 


19.19 


9.38 


18.4 


9.0 


19.0 ± 1.0 


9.3 ±0.5 


20.5 


10.0 


20.5 


10 .0_ 



av. 

swelling 
calc. 

calc. 

obs. (lit) 
obs. (lit) 



calc. 
calc. 



IPGC 
obs. (lit) 

IPGC 
IPGC 
IPGC 



obs. 
swelling 



IPGC 

calc. 
vise, 
vise, 
vise. 

swelling 
swelling 

swelling 

_av. 



Refs. 



35 


74 




74 




74 




74 


25 


110 




112 




112 




112 




18 




19 




58 




119 




124 




118 




19,97 




104 




72 




79 


140 


31 




112 




18 


140 


31 


140 


31 


180 


111 





21-24 




118 




118 




110 




21-24 




76 




76 




118 




45 


25 


125 


25 


31 




118 




112 


25 


31 


25 


92 


25 


92 




110 




43 




43 




87 




76 




- -76- 



CELLULOSE AND DERIVATIVES 



Cellulose nitrate 



Ethyl cellulose 



(11-83% N) 



(11.4% N) 



25,23 


12.33 


32,02 


15.65 


27.83 


13,60 


27.19 


13.29 


23.22 


11.35 


22.3 


10.9 


22,3 


10,9 


30.39 


14.85 


21.44 


10,48 


21.7 


10.6 


23.5 


11.5 


21.93 


10.72 


21,1 


10.3 



calc. 



calc. 



110 
110 
110 
110 
112 
118 
72 

110 
112 
72 

21-24 
72 

21-24 



References page Vn-557 



MI / 556 SOLUBILITY PARAMfTER VALUES 



TABLE 3.6 HANSEN SOLUBILITY PARAMETERS OF POLYMERS 



Polymer (T rade Name, Supplier) 

Acnlonitrile-buiadiene elastomer 

(Hycar 1052, BFGoodrich) 
Alcohol soluble resin 

(Pentalyn 255, Hercules) 
Alcohol soluble rosin resin 
(Pentalyn 830, Hercules) 
Alkyd, long oil 

(66% oil length, Plexal P65, Polyplex) 
Alkyd, short oil 

(coconut oil 34% phthalic anhydride; Plexal C34) 
Blocked isocyanate 

(phenol. Suprasec F5100. ICI) 
Cellulose acetate 

(Ceilidore A, Bayer) 
Chlorinated polypropylene 
(Parlon PIO, Hercules) 
Coumarone-indene resin 

(Piccoumarone 450L, Penn. Ind. Chem.) 
Epox> 

(Epikote 1001, Shell) 
Ester gum 

(Ester gum BL, Hercules) 
Furfuryl alcohol resin 

(Durez 14383, Hooker Chemical) 
Hexamethoxymethyl melamine 

(Cymel 300, American Cyaanimid) 
Isoprene elastomer 

(Cariflex IR305, Shell) 
Cellulose 
Cellulose acetate 
Cellulose acetate butyrate 
Cellulose acetate propionate 
Cellulose nitrate 

(1/2 sec; H-23, Hagedon) 
Cellulose triacetate 
Cellulose tridecanoate 
Nylon 4 
Nylon 66 
Nylon 66 

(Zytel, Dupont) 
Pentaerythritol ester of rosin, modified 

(Cellolyn 102, Hercules) 
Petroleum hydrocarbon resin 

(Piccopale 110, Penn. Ind, Chem.) 
Phenolic resin 

(resole, Phenodur 373U Chemische Werke Albert) 
Phenolic resin, pure 

(Super Beckacite 1001, Reichhold) 

, - PQ^ylacylonitrile) 

Polyamide, thermoplastic 

(Versamid 930, General Mills) 
cis-Poly( butadiene) elastomer 

(Bunahuls CBlO, Chemische Werke Huels) 
Poly(butadiene) 
Poly(isobutylene) 

(Lutonal IC/123, BASF) 
Poly(eihyl methacrylate) 

(Lucile 2042, Du Pont) 
Poly(ethylene terephthalate) 
Poly(methyl methacrylate) 

(Rohm and Haas) 
Poly(propylene) isotaclic 
(Profax 670], Hercules) 



_ Solubility Parameter ((MPa)"^] 



Refs. 



1 O £ 

18.6 


8.8 


4.2 


21,0 


5^ 


17.5 


9.3 


14.3 


24.4 


5^ 


ZU.U 


5.8 


10.9 


23.5 


5t 




3.44 


4.56 


21.20 


56 


lo.5U 


9.21 


4.91 


21.24 


56 


on 1 Q 


13.16 


13.07 


27.42 


56 


18.60 


12.73 


11.01 


25.08 


56 


20.26 


6.32 


5.40 


21.89 


56 


19.42 


5.48 


5.77 


20.99 


56 


20.36 


12.03 


11.48 


26.29 


56 


19.64 


4.73 


7.77 


21.65 


56 


21.16 


13.56 


12.81 


28.21 


56 


20.36 


8.53 


10.64 


24.51 


56 


16.57 
12.69 
15.55 
15.75 
15.75 


1.41 

**» 
*** 
*** 


-0.82 
22.30 
11.87 
8.59 
10.23 


16.65 
25.66 
19.56 
17.94 
18.78 


56 
81 
81 
81 
81 


15.41 
15.55 
19.85 
19.44 
18,62 


14.73 

* 

* 

5.11 


8.84 
10.64 

6.14 
14.12 
12.28 


23,08 
18.84 
20.77 
24.02 
22,87 


56 
81 
81 
81 
98 


18.62 


0.00 


14.12 


23.37 


56 


21,73 


0,94 


8.53 


23.37 


56 


1 /.55 


1.19 


3.60 


17,96 


56 


19.74 


11.62 


14.59 


27.15 


56 


23.26 

-18r2l- 


6.55 

- — - — 16716— - 


8.35 

^6.75^ 


25.57 
~ 25.27 " 


56 
98 


17.43 


-1.92 


14.89 


23.02 


56 


17.53 
16.98 


2.25 
*** 


3,42 
1.02 


18.00 
17.02 


56 
98 


14.53 


2.52 


4.66 


15.47 


56 


17.60 
19.44 


9.66 
3.48 


3.97 
8.59 


20.46 
21.54' 


56 
98 


18.64 


10.52 


7.51 


22.69 


56 


17.19 


**♦ 


* 


17.19 


81 
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I UITIIICI \ 1 I due l^dlllCf OUULrllCI / 


Si 


Solubility Parameter [(MPa)*'^] 


6 


Refs. 


Poly(styrene) 












(Polystyrene LG, BASF) , 


21.28 


J. /J 


4. 


22 Al 


56 


Poly(sulfone), Bisphenol A 












(Udel) 


19.03 


0 no 




20.26 


81 


Poly(vinyl acetate) 












(Mowilith 50, Hoechst) 


20.93 




y.oo 


25.66 


56 


Poly{vinyl bulyral) 












(Butvar 876, Shawinigan) 


18.60 


t. JO 


1 7 ni 

IJ.KJJ 


23.12 


56 


PoIy(vinyl chloride) 












Vipla KR, K = 50, Montecatini) 


18.23 


7.53 


8.35 


21.42 


56 


Poly{vinyl chloride) 


18.72 


10.03 


3.07 


2L46 


33 


Poly(vinyl chloride) 


18.82 


10.03 


3.07 


21.54 


98 


Saturated polyester 










(Desmophen 850, Bayer) 


21.54 


14.94 


12.28 


28.95 


56 


Styrene-butadiene (SBR) raw elastomer 












(Polysar 5630, Polymer Corp.) 


17.55 


3.36 


2.70 


18.07 


56 


Terpene resin 












(Piccolyte S-1000, Penn. Ind. Chem.) 


16.47 


0.37 


2.84 


16.72 


56 


Urea-formaldehyde resin 










(Plastopal H, BASF) 


20.81 


8.29 


12.71 


25.74 


56 



***, indicates data for which only dispersive and polar contributions are available as in Equation 8. 
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